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This missile system with nucleo 
capability is on the way to becoming 
a standard Army weapon. To b 


produced by Sperry-Rand, it is) 


scheduled ultimately to replace the 
CORPORAL artillery missile system, 
The Jet Propulsion Laboratory. 


developed SERGEANT is invulner.| 
able to any known enemy electronic! 
counter-measures. And, thanks 
simplified Thiokol solid propellant 
rocket motor, the missile is extremely! 
mobile — can be transported on mil 


tary vehicles. 


When SERGEANT becomes oper 


ational, the Army will possess on 
of the most maneuverable and accu: 
rate artillery weapons in its history 


Engineers, Scientists: perhaps 
there’s a place for you in Thiokol's 
expanding organization. Our 
new projects present challenging 


problems and a chance for 


greater responsibility. 


Thiokol: 


CHEMICAL CORPORATION. 


TRENTON, N. J. * ELKTON, MD. 


HUNTSVILLE, ALA. * MARSHALL, TEXAS 


MOSS POINT, MISS. * BRIGHAM CITY, UTAH 


DENVILLE, N. J. * BRISTOL, PA. 


® Registered trademark of the 
Thiokol Chemical Corporation for its liquid 
polymers, rocket propellants, plasticizers 
and other chemical products. 
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Do you know about 
Gask-O-Seals? 


THIS 
Gask-O-Seal 
EXCEEDS 
HERMETIC 
SPECS! 


Gask-O-Seals often equal or exceed specification for 
hermetic sealing. The one shown here, for instance, has 
eight sealing points and is on one of our newest 
missiles. The leakage rate is less than the original 
hermetic seal specification called for which is about as 
perfect as any seal can be. 

Gask-O-Seals are high and low pressure static seals 
which require NO groove machining to accommodate. 

A flat surface with only a 125 RMS surface finish is all 
you have to provide to get positive sealing with a 
Gask-O-Seal. 

There are many other outstanding features about 
Gask-O-Seals: Limited area for fluid attack, no loss of 
structural strength, rigid, easy to install and replace, no 
tolerance build-up possible in seal cavity, etc. 

Why not find out about Gask-O-Seals and the other 
seals of Parker Seal Company’s ““O-Seal Family’’W—by 
the makers of Parker O-rings. 


After Fastener 


arker 
SEAL COMPANY 


CULVER CITY,CALIF.eCLEVELAND,12, OHIO 
A DIVISION OF Parker Hannifin CORPORATION 


(Formerly F C. Wolfe Co. & Rubber Products Div. of Parker Appliance Co.) 
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regular service as arapid, accurate 
and reliable monitor of tanking, ‘stor: 


age, or transfer operations involving» 
liquid oxygen or liquid nitrogen. The 
L-G Detector has proven its ability to. 
_ withstand the temperature shocks of 
instantaneous change from ambie 1t 
to liquid oxygen temperature with re- 
_ peated recycling. And response time 
is fast—it indicates in 20-30 millisec- _ 
_ onds whether a liquid or gaseous con 
dition exists at any desired checkpoi 
in a missile tank, transfer line or trans- 
port vehicle. The L-G Detector consists 
of a transducer and an indicator-am- 
_plifier, connected by a transmission 
- line. The output signal is used for vis- 
ual indication, or to activate flow con- 
trol devices. Multiple installations of 
transducers can be made. A modular 
rack accommodates as many 
indicator amplifiers. 


For complete information, 


CONVAIR, A DIVISION OF GE. 
Phone: ACademy 3-1614 
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Cl's LIQUID—GAS DETECTOR is now 
4 3 2 | 
7 
od 
A Product of Convair Instruments a a ] 
‘ q 
Developers and Builders of a 
Electromechanical Instruments 
AC & DC Measuring Instruments 
Transducers 
> * write, wire or phone today. 
: 
CONVAIR INSTRUMENTS IFRAL DYNAMICS CORPORATION 
3595 FRONTIER STREET — 
> SAN DIEGO 10, CALIFORNIA 
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Astro notes 


MAN IN SPACE 


¢ The man-in-space program went 
through some tuning-up exercises 
with successful recovery alive of the 
simian astronauts, Able and Baker, 
after a 1500-mile flight in a Jupiter 
missile (see page 48), and the pre- 
dicted launching of a Discoverer 
satellite carrying four mice. Un- 
fortunately, the Discoverer did not 
: achieve an orbit, there being indi- 
: cations that the second stage fired 
the satellite down into the atmos- 
phere. 


e An experiment with sea urchin 
eggs in the Able-Baker flight 
showed that pre-fertilized eggs con- 
tinued to develop over the trajec- 
tory. Eggs fertilized during the 
launching disintegrated owing to 
an improper fixative. More of 
these biomedical experiments can 
be expected as the schedule of 
NASA “Little Joe” capsule-test 
firings begins this fall. 


e NASA is planning two early test 
flights of the Project Mercury cap- 
sule using Atlas-D boosters. Sched- 
uled for late this summer or early 
fall, the capsules will be fired on a 
grueling 1700-mile up-and-down 
trajectory to expose them to the 
maximum heat and deceleration 
stress they will encounter on re- 
entry from orbit. Purpose of the 
tests is to confirm the engineering 
approach to the capsule as soon as 
possible, particularly with respect 
es to the behavior of ablation mate- 
rials over the wide surface of Mer- 
cury’s heat shield. 


¢ The configuration of the Mercury 
capsule is still somewhat fluid. One 
recent change resulted in abandon- 
ment of the inflatable bag to 
cushion the capsule on impact after 
sate its return from orbit. Instead of 
4 the bag, NASA will probably use 
: an aluminum honeycomb structure 
located between the heat shield and 
the pressure plate of the capsule. 
Big advantage of the honeycomb 
cushion is that it involves no 
switches or valves to misbehave. 


e Space Electronic Corp. will study 

the design of a Project Mercury 

control center under NASA con- 
tract. 


® McDonnell Aircraft subcon- 
tracted development of attitude- 
control rockets for the Mercury cap- 
sule to Bell Aircraft’s Niagara Fron- 
tier Div. A paper (ARS preprint 
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790-59) from the ARS Controllable 
Satellites Conference suggests Bell 
approach to the control-rocket 
problem. 


e NASA is considering three pos- 
sible spacesuits for the Mercury as- 
tronauts. It is inspecting garments 
developed for military use by Inter- 
national Latex Co., David Clark 
Co., and B. F. Goodrich Co. Suits 
chosen by NASA must be capable of 
operation at an internal pressure of 
5 psi, or somewhat higher than the 
3.5 psi (35,000 ft equivalent) re- 
quired by the military services. 


© The Navy’s Air Crew Equipment 
Laboratory, Philadelphia, is plan- 
ning a series of experiments with 
pressurized space capsules in high- 
altitude chambers. The experi- 
ments will include studies of 
atmosphere control inside space 
capsules. ACEL also expects to 
support NASA’s program to de- 
velop the two-man vehicle which 
will follow the Mercury capsule. 
The latter, as yet unnamed, would 
require one crewman to wear a 
pressure suit at all times while the 
other remained in a crew rest sta- 
tion. The two-man vehicle would 
be put into orbit by a Vega pro- 
pulsion system. 


SATELLITES 


e For the past few months, a 
special Navy board has been map- 
ping a future Navy astronautical 
program. One area in which the 
Navy has a definite interest—sub- 
marine surveillance satellites. 


® Satellites and deep-space probes 
are the order of the day as Astro- 
NAUTICS goes to press, with Van- 
guard III and Explorer VI satellite 
launchings scheduled Thor- 
Able and Atlas-Able probes possible 
late in the month. 


© Long-lifetime satellites, such as 
the Explorer VI, will contain either 
a self-destruct device or a ground- 
controlled circuit breaker to termi- 
nate transmitter operation. The 
silencing of satellite transmitters 
and the allocation of radio fre- 
quency bands will be discussed at 
the International Telegraphic Un- 
ion in Geneva next month. 


e As described by James Kupperian 
Jr., at the ARS Semi-Annual Meet- 
ing, held last month in San Diego, 
NASA’s first astronomical satellite 
will weigh 2500 Ib and carry per- 
haps as many as six telescopes. It 


will probably be launched by a 
Vega system in two years. 


@ NASA’s planned high-mass, low- 
drag geodetic satellite will traverse 
a higher orbit than Vanguard I to 
avoid atmospheric drag as much as 
possible. Measurements on Van- 
guard I, incidentally, are almost 
precise enough to disclose the rela- 
tivistic shift of perigee predicted by 
Albert Einstein. 

e A novel tracking technique may 
be employed with this geodetic 
satellite: Batteries of ground 
searchlights coupled with corner- 
cube reflectors installed on the 
satellite. The latter, reflecting the 
searchlight beams directly back to 
the source, would permit optical de- 
tection at 500-1000 miles altitude. 
NASA scientists want either optical 
or radar tracking of the geodetic 
satellite, since either is more precise 
than the Minitrack system. 

¢ Gravity experiments under study 
involve orbiting a very accurate 
atomic clock to determine whether 
there is a time acceleration effect 
in weak gravitational fields, as pre- 
dicted by Einstein. 


© Many scientists believe that grav- 
itational experiments now made 
possible by satellite technology will 
lead to a breakthrough in under- 
standing the physics of the uni- 
verse. For example, it will be pos- 
sible to test the hypothesis that 
gravitational attraction is a function 
of the average density of the uni- 
verse, and that it is gradually weak- 
ening as the universe expands. 
This idea can be tested by compar- 
ing a gravitational measure of time 
—made with the geodetic satellite 
mentioned above—with a very ac- 
curate atomic clock on earth. If the 
latter appears to run faster over a 
period of time, it will indicate that 
the gravitational bonds of the uni- 
verse are steadily weakening. 


SPACE RADIATION 


e Pioneer IV Geiger counters de- 
tected more than three times the 
number of particles in the earth's 
radiation field than did Pioneer III 
(see page 32). All of the newly 
detected particles were in the outer 
of the earth’s two radiation belts, 
which extended almost 20,000 
miles farther into space than it did 
in December. The jump in particle 
population was attributed to a 
major solar disturbance six days be- 
fore the flight of Pioneer IV. 


New 
standards 

in 
high-volume 
production... 
by 

Bulova 


lite | Bulova i 


ngenuity permits minimum inspection. 


ae 


. perfected by Bulova to maintain their 


Ill High-volume_ production techniques. . 
rkets ... assure repeatability and 


leading competitive position in consumer ma 
reliability of industrial and defense products. 

lts, To date, Bulova has manufactured more than 4,000,000 arming devices. Although 
000 reliability was crucial, only approved sampling techniques were required for 
did inspection. 

icle Experience in precision design and precision manufacture is the Bulova tradition, 
2 the Bulova capability. It has been for over 80 years. For more information write — 


Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 


Industrial & Defense Sales, 
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© Most important of Pioneer IV’s 
findings related to the energies of 
the charged particles trapped in the 
two belts. One counter, shielded 
with slightly more than one-sixth of 
an inch of lead, detected almost no 
radiation in the outer belt, although 
its counting rate was relatively un- 
affected in the inner belt. Not only 
does this constitute additional evi- 
dence for the solar origin of the 
particles in the outer belt, and the 
cosmic ray origin for the inner belt 
particles, it also has important im- 
plications for the future of manned 
spaceflight. 


¢ The radiation findings mean that 
spacecraft can be protected against 
the low-energy particles of the 
outer belt with relatively small 
weights of shielding. Although 
shielding of the inner belt particles 
will probably be prohibitive, the 
fact that the belt is only 2000-miles 
thick and is close to the earth means 
that spacecrews will be exposed 
only about 5 min to the penetrating 
radiation during lunar and _inter- 
planetary hops. 


¢ The new data seemed to confirm 
S. Fred Singer’s theory that the in- 
ner radiation belt is composed of 
charged particles injected into the 
geomagnetic trap by decaying neu- 
trons produced by cosmic ray col- 
lisions with the atmosphere. Offi- 
cial confirmation of Dr. Singer’s 
theory came from two Univ. of Cal- 
ifornia physicists, Stanley C. Fre- 
den and R. Stephen White. After 
studying photographic plates car- 
ried to a maximum of 770 miles 
aboard a Thor-Able nose cone re- 
covered from the South Atlantic in 
May, the two scientists concluded 
that the charged-particle popula- 
tion of the inner radiation belt in- 
cludes protons ranging in energy 
from 75 to 700 mev. They attrib- 
ute the protons to the decay of neu- 
trons resulting from the collision of 
cosmic rays with the upper atmos- 
phere, as predicted by Singer, and 
others, more than a year ago. Dr. 
Singer’s proposal to sweep the inner 
zone free of radiation with large 
aluminum spheres may turn out to 
be a practical answer to the radia- 
tion threat to manned space. sta- 
tions. 


NASA 


¢ NASA has just formed a com- 
mittee to study need and technical 
requirements for an equatorial 
launching site. ARPA, ABMA, 
Rand Corp., and JPL are repre- 
sented on the committee. 


¢ The newly formed NASA Com- 
mittee for Long-Range Studies will 


deal with international, social, 
economic, and legal facets of space 
research and exploration. John A. 
Johnson, NASA’s general counsel, 
chairs the committee. 


e NASA expects that its contracts 
for research and development will 
continue on a_ cost-plus-fixed-fee 
basis for some time to come. 


e Hearings before the Senate saw 
restoration of the House-cut $4.75 
million requested by NASA for con- 
struction of a central facility for 
development of high-energy propel- 
lants. Thus, NASA’s whole fiscal 
1960 budget of $485.3 million was 
approved as originally requested. 


ARPA 


e Of the $410.5 million  pro- 
gramed by ARPA through fiscal 
1959, almost $240 million went to 
Lockheed, primarily for work on 
Discoverer, Midas, and Sentry. 


e ARPA’s Project Orion, which 
would put a space platform weigh- 
ing many tons in orbit with a pro- 
pulsion system powered by atomic- 
bomb capsules, has its problems of 
shielding fallout. | General 
Atomic Div. of General Dynamics 
is studying the system under a mil- 
lion-dollar ARPA contract. 


TRACKING 


e Survey teams from both the At- 
lantic and Pacific Missile Ranges 
have been looking over proposed 
sites for an equatorial launching 
range. While no site has as yet 
been selected, the decision is ex- 
pected to be made some time this 
year. When the equatorial range is 
completed, an interconnected 
worldwide range will be estab- 
lished, allying all of the present 
launching ranges in the Free 
World. Some $2.5 billion is ex- 
pected to be spent on the global 
range over the next 15 years. 


e The Space Track operation, spon- 
sored by ARPA, will be expanded 
to include capacity to handle data 
from new tracking networks as they 
come into being. 


® Range experts note that Russia is 
at a definite disadvantage when it 
comes to an equatorial launching, 
since no Soviet-controlled land 
mass is on or near the equator. 


COMMUNICATIONS 


Experts say radio communica- 
tions as far out as Mars are possible 
today, noting that, if sufficient bat- 
tery power had been available, 


effective communications could 
have been maintained with Pioneer 
IV for a million and a quarter miles, 


© George Mueller of STL noted at 
the May Telemetering Conference 
in Denver (see page 64) that com- 
munications experts face two very 
different problems in future astro- 
nautical experiments. The first is 
reduction and analysis of data from 
long-lived satellites. The need here 
is for a wideband telemetry system 
which will permit easy data reduc- 
tion. The second is development 
of a reliable narrowband system 
for long-range missions that would 
make it possible to distinguish a 
signal from background noise. 


SPACE LAW 


© The first meeting of the UN Com- 
mittee on Peaceful Uses of Outer 
Space failed to develop any forceful 
leadership from the U.S., which 
seemingly shows a strong prefer- 
ence for leaning on existing inter- 
national law to solve legal prob- 
lems of spaceflight, in particular, 
that of air space. Comments from 
representatives of other nations on 
the committee? Mayayoshi Kakit- 
subo of Japan: “If human activities 
in outer space are left unregulated 
to permit ‘the growth of customary 
international law through the ac- 
cumulation of fait accompli,’ this 
might prove to be detrimental to 
the future establishment of a ra- 
tional regime in outer space.” 
Fereydoun Adamiyat of Iran: “It 
would be unwise to delay too long 
the study of possible solutions to 
the legal problems involved, since 
this could lead to ‘undesirable ri- 
valries’ and international misunder- 
standings. There is no legal basis 
for claiming that international law 
can be interpreted to mean that 
absolute national sovereignty in air- 
space could be extended to outer 
space, and it is not a ‘sound proposi- 
tion’ to say that existing interna- 
tional law and ‘the law of the 
United Nations’ are applicable to 


» 


outer space. 


BUDGET 


e A process which the Administra- 
tion started last year with its can- 
cellation of the Regulus II and 
Goose airbreathing missiles was 
continued with a vengeance by the 
House Defense Appropriations Sub- 
committee in its recommendations 
for the Pentagon’s fiscal 1960 
budget. The lawmakers whacked 
off $127.5 million requested for pro- 
curement of the Martin’s Mace and 
$162.7 million sought for Boeing's 
Bomare. At the same time, they 
voted a $200 million increase in 


| 
i 
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ROKIDE coating protects metal 


Dramatic proof of vital protection. Photos show two base metal specimens 
after testing by the Cornell Aeronautical Laboratory, Buffalo, N. Y. Both 
specimens were subjected to an extremely hot rocket exhaust. No. 109 was 
uncoated. During a 19-second test it began melting, then burned violently at 
the rocket exhaust of 3600°F. No. 108 was coated with ROKIDE ceramic coat- 
ing. After 20 seconds in the exhaust, which reached 4400°F, this protected 
metal was completely intact and serviceable, showing only the slightest 
evidence of the flaming exhaust. 


over 
4000 


Tests by Cornell 
Aeronautical Laboratory 
at Army's Redstone 
Arsenal prove value of 
another Norton 
“space age” development 


Norton ROKIDE coatings — “A” alumi- 
num oxide, ‘‘ZS” zirconium silicate and 
“Z”’ zirconium oxide, as well as other ex- 
perimental coatings such as chrome oxide, 
spinel, etc. — are proving their outstand- 
ing protective value in a rapidly increasing 
number of modern applications. In nuclear 
projects, in the manufacture of missiles, 
ram jets, reactors, etc., as well as in many 
general industrial developments, these new 
Norton products are providing vitally im- 
portant resistance to excessive heat, ab- 
rasion, erosion and corrosion. 

For the latest ROKIDE Bulletin write to 
NORTON ComPANy, 964 New Bond Street, 
Worcester 6, Mass., or 2555 Lafayette St., 
Santa Clara, California. 

*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


REFRACTORIES 
Engineered... R ... Prescribed 


Making better products...to make your products better 
NORTON PRODUCTS Abrasives + Grinding Wheels Grinding Machines » Refractories + Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives * Sharpening Stones » Pressure-Sensitive Tapes 
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JETAVATOR: ACTUATORS AN 


For detailed information of our capabilities and facilities, write 
on your letterhead for CORPORATE BULLETIN 5900, to: 


WESTERN GEAR CORPORATION e 
Precision Products Division ¢ P.O. Box 192 ¢ Lynwood, California 


NAME 


ADDRESS 


COMPANY 


8 Astronautics / July 1959 


— e GROUND SERVICE EQUIPMENT 
WESTERN GEAR MISSILE ASSIST D RINGS am 
ual MOTORS, FANS AND BLOWERS 
SERVOS AND SERVO AMPLIFIERS 
e HIGH PRECISION FINE PITCH 
Why not take advantage of the 
complete engineering and 
manufacturing facilities offered by 
4 Western Gear for an expeditious 
2 thoroughly reliable answer to 
your missile requirements in the 
~ 
Let us know your needs. 
: 
| x 
WESTERN GEAR CORPORATION 
| 
5." 
ip, 200,000 square miles of U.S. and Mexico. 


the Army’s Nike-Zeus anti-missile 
“We 

program, $87 million more to ac- 

celerate the Minuteman program, 

and $85 million as a “down pay- 

ment” for establishment of eight 

additional Atlas squadrons. 


e The Senate Armed Services Com- 
mittee, in turn, refused to authorize 
an Army request for Nike-Hercules 
construction money. The picture 
was further confused when the 
House voted the procurement funds 
sought for Hercules and slashed the 
Bomare. 


¢ The lawmakers were clearly un- 
happy with the enormous outlays 
required for the Hercules and Bo- 
marc. By the first of this month, 
they estimated, commitments for 
Hercules totaled almost $3.7. bil- 
lion, while Bomarc commitments 
reached $1.9 billion. But an even 
more fundamental objection to 
Hercules and Bomare concerned the 
military utility of these weapons in 
view of the advent of the long- 
range ballistic missile. 


MISSILES 


¢ The whole question of air de- 
fense, which has acquired a dull 
focus in the debate over the merits 
of Bomare and Nike-Zeus, went to 
the highest levels of DOD, with 
Secretary of Defense Neil McElroy 
expected to shine bright light 
through the haze of propaganda sur- 
rounding this issue. In an address 
at the annual Aviation Writers Assn. 
meeting, Joseph V. Charyk, Air 
Force Chief Scientist, made it seem 
like quite a problem to counter the 
ballistic missile launched from 
dispersed, and even partially 
hardened, bases and equipped with 
anywhere up to 200 decoys of dif- 
ferent kinds for confusion of anti- 
missiles directed by radar. The 
cost of effective defenses, as cur- 
rently envisioned, against even a 
few hundred such missiles would 
be astronomical. 


® In the same meeting, H. L. 
Richardson, senior vice-president of 
Sylvania Electric Products, sug- 
gested novel possibilities for missile 
detection and neutralization which 
have scarcely been  broached— 
among them, destruction or deflec- 
tion of an incoming warhead with 
a flux of electromagnetic energy; de- 
flection of the missile in a similar 
manner during launching, by de- 
velopment of a means to bend 
electromagnetic energy; and dis- 
turbing the aerodynamic properties 
of a missile enough to cause it to 
burn up on re-entry. The ARPA- 
sponsored satellites missile- 


defense projects presumably ven- 
ture onto this ground. 


® Meanwhile, the Army awarded 
Olin Mathieson a half-million dol- 
lar contract to explore the uses of 
an “advanced propellant” for Nike- 
Zeus; Grand Central Rocket an- 
nounced successful static-firing of 
the tactical sustainer for this missile; 
and the construction of nearly $4 
million in launching and associated 
test facilities for Nike-Zeus pro- 
ceeded at full steam at White 
Sands. 


e Also, the first advanced version 
of Boeing’s Model-B Bomarc, which 
employs a Thiokol solid booster, 
instead of a liquid booster, and 
twin Marquardt ramjets to achieve 
a range greater than 400 miles, was 
launched from Cape Canaveral and 
successfully tested in maneuvers. 


e The failure of the fifth “opera- 
tional” Atlas in a row, the last one 
2 min after launching from Cape 
Canaveral early in June, led an Air 
Force spokesman to comment that 
troubles with Atlas might postpone 
plans to declare the missile opera- 
tional this month. The missile is 
having booster-separation problems. 
An operational Titan would appear 
to be two year’s away. 


® Martin’s Orlando Div. received a 
$15 million Army contract for addi- 
tional production of Lacrosse mis- 
siles engineering services, 
bringing the total contract awards 
to Martin for Lacrosse since Jan. 
1959 to over $25 million. 


® Convair’s Red Eye may be the 
smallest anti-aircraft guided missile 
yet developed. The infrared 
weapon is designed to be fired from 
a bazooka-type launcher. The pro- 
jectile, which has a range of about 
1000 yd, is said to be highly effec- 
tive against low-flving targets. 


R&D 


e The USAF budget request for 
fiscal 1960 includes a $23 million 
item for an “anti-radiation missile” 
designated WS-121B. No design 
competition has been reported for 
the weapon as yet. Presumably it 
would be used as a penetration aid 
by bombers of the Strategic Air 
Command. As a “radar buster,” 
the missile could be used to home 
on enemy radar antennas, thus har- 
assing missile and interceptor de- 
fenses. 


® Decision on the contractor team 
to develop the boost-glide Dynasoar 
has reportedly been delayed by the 
death of Donald Quarles, late 
Deputy Secretary of Defense. It is 


understood that Dr. Quarles was 
expected to pass on the USAF de- 
cision. The teams competing for 
the 8000-10,000 mph Dynasoar 
vehicle are led by Boeing and 
Martin. 


e Early in June, with Scott Cross- 
field at the controls, the X-15 
passed its crucial first freeflight test, 
going through 5 min of gliding 
maneuvers after release at an alti- 
tude of 7 miles from a B-52 aircraft. 
Crossfield landed the sleek ship 
perfectly on Rosamond Dry Lake 
near Edwards AFB. 


e A developmental version of the 
second-stage Centaur liquid-hydro- 
gen engine will be test-fired for the 
first time this fall on stands being 
constructed at Pratt & Whitney's 
West Palm Beach, Fla., facility. 


e Project Pluto, the joint USAF- 
AEC program for a nuclear ramjet 
engine, received a boost with the 
awarding of a prime contract for 
further development work to Mar- 
quardt’s Astro Div. Major tests of 
nuclear components for Pluto will 
be conducted at AEC facilities now 
under construction at Jackass Flats, 


Nev. 


Storable liquid-propellant ver- 
sions of Titan and Atlas are under 
study. 


e Following on an earlier letter 
contract, the Air Force awarded 
Hercules Powder a $15,326,000 
contract for development of a 
Minuteman third-stage solid engine. 
Hercules will do most of the de- 
velopment at its Bacchus, Utah, fa- 
cility, with some supporting work 
from its Kenvil, N.J., propellant 
plant. 


e Astrodyne received a $2 million 
Air Force contract for development 
of cast solid propellants and testing 
of large-scale motors. 


@ Under Air Force contract, IBM 
is developing a transistorized com- 
puter for underground Sage centers. 
The new computer will be about 
10 per cent the size of the present 
one yet have about seven times the 
computational capacity. 


e A steel gantry more than 300 ft 
high will be built at either Red- 
stone or Cape Canaveral to erect 
and service the Saturn space 
vehicle. 


MATERIALS 


@ conjunction with Nuclear 
Metals Inc. of Concord, Mass., the 
Martin Co. has fabricated beryllium 
sheet and used it to construct basic 
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airframe. Excellent sheet proper- 
ties have been obtained by con- 
trolling crystal size and orientation. 
Martin engineers point out that 
major limitations to beryllium usage 
remain; the sheet can be formed or 
bent only within a finely defined 
band of hot-forming temperatures 
and can as yet only be joined with 
fasteners, and not fusion-welded. 
Martin claims that beryllium ex- 
trusions, forgings, and rolled sheet 
all continue to show crystal orienta- 
tion leading to the metal’s familiar 
brittleness. 


¢ Brush Beryllium will fabricate 
the 6-ft-diam beryllium heat shield 
for the Mercury capsule from a 
block 72 in. in diam and 5 in. thick. 
The block will be forged, through 
Brush’s patented QMV sintering 
process, in  50,000-ton press 
operated by the Aluminum Co. of 
America under the USAF heavy- 
press program. 


e At the ARS Semi-Annual meeting 
in San Diego, Wyman-Gordon ex- 
hibited a closed-die-forged, nickle- 
base-alloy turbine wheel 45 in. in 
diam and weighing 520 lb when 
machined. For use in the tempera- 
ture range 1500-1800 F, the wheel, 
showing the same structural integ- 
rity as smaller components, opens 
the possibility of higher tempera- 
ture operation for large jet and 
liquid-rocket engines. 


® Lockheed’s Georgia Div. received 
a $525,000 WADC contract for a 
two-year’s study of four newly de- 
veloped titanium alloys, which will 
be supplied by Mallory-Sharon, 
Crucible Steel, and Titanium Met- 
als under USAF programs. 


¢ Astrodyne, following on its work 
with the Teal motor, described in 
the June 1958, Astronautics, has 
developed a cheap rubber-asbestos 


motor case insulation for long- 
burning, high-performance solid 
rockets. 


e A 14-man committee appointed 
by NAS-National Research Council 
will inquire into means to accelerate 
U.S. materials research and de- 
velopment to meet the needs of de- 
fense and industrial programs. 


: INDUSTRY 


10 


¢ The potential Thiokol-Marquardt 
merger cooled off, evidently owing 
to difficulties in agreeing on an ex- 
change of stock. Thiokol has con- 
tinued merger discussions with 
several other companies...  Mar- 
quardt’s Cooper — Development 
Corp. received the annual Space 
Industries Small-Business Award at 
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the National Missile Industry Con- 
ference ... Texaco acquired Ex- 
periment Inc. through an exchange 
of stock ... Airborne Instruments 
Laboratory Div. of Cutler-Hammer 
purchased the Fairchild Engine 
Div. plant at Deer Park, New York, 
with title transfer scheduled for 
Sept. 30... All American Engi- 
neering of Wilmington, Del., 
formed an astronautics division to 
consolidate its aerospace research 
and development, including work 
on interplanetary navigational sys- 
tems... Liquid hydrogen is be- 
ing produced in large quantities in 
plants planned by ARDC several 
vears ago. For some time now, 
Stearns-Rogers has operated a plant 
in Bakersfield, Calif., and Air Prod- 
ucts one in Painesville, Ohio. Air 
Products recently built and started 
operation of a large plant for the 
Air Force in Palm Beach County, 
near Pratt & Whitney’s Centaur- 
development facility. 


EDUCATION 


e With the support of the local 
section, a group of New York ARS 
student members have formed the 
New York Student Council to serve 
as an educational aid to the some 
500 student members in the metro- 
politan area, 


@ Donald Simkin, head of Mar- 
quardt’s combustion development 
group, was selected for the second 
year to give UCLA’s two-week 
summer session, Aug. 17-28, on the 
thermochemistry of rocket combus- 
tion. The UCLA summer session 
will offer several courses on rocketry 
and astronautics, as mentioned pre- 
viously here. 


¢ The ARS Southern California 
section will spend up to $500 to 
provide Astronautics to high 
schools and junior colleges in the 
chapter’s area. 


Constatine Generales, roommate 
of Wernher von Braun during their 
college days in Zurich, surprised a 
class in the history of medicine at 
New York Medical College by lec- 
turing on space medicine, and pre- 
dicting that courses, and even de- 
partments, of space medicine will 
be introduced into many medical 
schools before long. 


® The Soviet Exhibition of Science, 
Technology, and Culture, which 
opened in New York’s Coliseum, 
June 30, includes full-scale models 
of the sputniks and a panorama on 
the exploration of space. 


RUSSIA 


Repeated references appear in 


the Russian literature to a carefully 
planned, systematic program for 
space exploration (see page 43), 
and to a propulsion system in being 
capable of placing a payload of 
several thousand pounds on the 
moon. Rumors in Washington have 
it that there is evidence of con- 
tinued flight-testing of large, high- 
altitude vehicles in the Soviet 
Union. The import—another major 
Russian space venture in the offing 
I. S. Shklovskiy concludes that 
none of the “natural processes” can 
explain either the origin of the Mar- 
tian moons, Phobos and Deimos, or 
peculiarities in the motion of Pho- 
bos, which he predicts will fall on 
Mars in 15 million years. He be- 
lieves that it is not impossible that 
these moons are artificial satellites 
created by intelligent life early in 
Mar’s history. An_ instrumented 
probe, he said, might provide clues 
to the nature of Mars in the next 
few years... <A radio telescope 
for receiving 3-cm waves from the 
layers of the sun’s corona has been 
built at the Crimean Scientific Sta- 
tion of the Lebedev Physics Insti- 
tute. The 30-m-diam mirror for the 
telescope is a paraboloid made of 
concrete set into the earth and zinc 
coated, Viktor Vitkevich, director 
of the station, says he has succeeded 
in detecting the “hot” portions of 
the corona and in obtaining a pic- 
ture of the distribution of the tem- 
peratures, densities, and other char- 
acteristics of the sun’s outer regions 
Members of the Institute of 
Atmospheric Physics in Moscow are 
making extensive studies of the 
night sky and aurorae with a “patrol 
spectrograph”... Instead of blast- 
ing satellites into space to study 
the upper atmosphere, one Soviet 
scientist has proposed construction 
of an “aerostatic tower” reaching to 
an altitude of 160 km. Supported 
by gas pressure, the tower would 
resemble an upside-down funnel. 
Its circular base would measure 100 
km in diam, its top 390 m. 


GREAT BRITAIN 


® Over the past several months, 
Great Britain has made decisions 
which in effect give it a satellite re- 
search program. Although it will 
develop its own satellite instru- 
ments, Britain might at first rely on 
U.S. launching vehicles through the 
facilities of COSPAR, the Cominit- 
tee on Space Research of the Inter- 
national Council of — Scientific 
Unions. The program will not 
interfere with the Blue Streak de- 
velopment, but it will include de- 
sign studies for the eventual use of 
this ballistic missile’s propulsion 
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FOR AIR AND SPACE VEHICLES... 


Perfected 

ariable Increment 
Technique... 
makes GEVIC the most 


versatile computer 
available 


SMALL—0.8 cu. ft. 
LIGHT—45 Ibs. 


enew Variable Increment technique utilized in GEVIC design offer an inordinately high degree of reliability. The 


ovides the speed of an analog computer along with the cores (made of special magnetic materials) perform with 
curacy and flexibility of a digital. a nearly square hysteresis loop in combination with silicon 


diodes operated substantially below their normal rating. 


GEVIC’s small size and light weight makes it ideal for air 
and space vehicles of all types as well as for mobile ground- 


EVIC can select any of several increments to correct the 
tput carried over from the previous computer cycle. 


@ same sequence of operations is used for subtraction, based installations. 

ultiplication, division, sine and cosine, _addition, are GEVIC represents an entirely new medium of electronic 
t, filtering, integration, and differentiation. Any or all of computation and is considerd a major breakthrough in com- 

ese operations can be performed singly or simultaneously. puter technology. 

For brochure and complete details . . . Write Manager — 
ch acts as a continuous checkout for the unit. Armament Sales, General Electric Company, Light Military 

he modular construction of the circuits and the core diode Electronics Department, Johnson City, N. Y. Dept. 13B. 


"General Electric Variable Increment Computer 


GENERAL GQ ELECTRIC 


LIGHT MILITARY ELECTRONICS DEPARTMENT 
FRENCH ROAD, UTICA, NEW YORK 


Send for free 
illustrated brochure ! 


DEPARTMENT IN THE DEFENSE ELECTRONICS DIVISION 
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Shown 1/18 actual size 


How missile designers can use 


HACKNEY deep drawing methods 


Shown here are a few shapes, shells and missile components pro- 
duced at production-line speed by Hackney Deep Drawing Methods. 
They were designed to reduce weight without sacrificing strength, 
save production or assembly time, and lower costs. 


If you wish to consider Hackney Deep Drawing Methods, keep 
in mind the following specifications and the fact that our engi- 
neers are available for consultation at any time. 


Shapes: Cylindrical, spherical, conical or tapered. 
Capacities: From 1 quart to 100 gallons. 
Diameters: From 3 inches up to 32 inches. 


Depths: Up to 110 inches. Two half-shells are easily welded for 
extra length or symmetrical design. Open ends can be closed by 
spinning to give an entirely seamless cylinder. 


Blank thicknesses: 16 gauge and heavier. 


Wall thicknesses: For working pressures up to 5000 psi in smaller 
diameters, up to approximately 400 psi in larger diameters. 


Metals: Steel, stainless steel, nickel, aluminum, magnesium, cop- 
per and many alloys. 


Send sketch and details of your problems to our Engineering Department. 


Pressed Steel Tank Company (2222. 


Manufacturer of Hackney Products 


1476 South 66th Street, Milwaukee 14, Wis. 


Branch offices in principal cities 
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CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 


system as a satellite booster 
Built by Rolls-Royce, the Blue 
Streak engine incorporates design 
principles evolved by Rocketdyne, 
with which Rolls-Royce has a ]i- 
censing agreement. The Blue 
Streak differs from the Rocketdyne 
MB-2 chiefly in having a different 
turbopump arrangement and _ con- 
trol system and direct divergence 
of the nozzle... The Smithsonian 
optical tracking station at Woomera 
successfully photographed Van- 
guard I at its apogee of nearly 2500 
miles with a Baker-Nunn camera. 


EUROPE 


NATO countries continue to 
build their missile might. The Ist 
Danish Nike Battalion, in training 
at Fort Bliss, Tex., received a com- 
plete set of Nike equipment re- 
cently; equipment for a Nike in- 
stallation began arriving in Italy; 
the first conventional Honest John’s 
were delivered to West German 
army units; the Greek government 
indicated that Greece may soon re- 
ceive Nike’s and Honest John’s; 
and Italian, German, and French 
firms are making arrangements to 
manufacture Hawk and Sidewinder 
in Europe. 


JAPAN 


® The 1959 Symposium on Rockets 
and Astronautics held by the 
Japanese Rocket Society at the Uni- 
versity Club in Tokyo in June 
featured sessions propellants, 
vehicles, biology, instrumentation, 
space science, satellite and space 
probes, and rocket motors, with as 
many as 10 papers to a_ session 
common. Ernst Stuhlinger and 
J. E. Masterson chaired the two 
sessions on space science. 


@ Other Americans in attendance, 
and presenting papers, were J. E. 
Froelich of JPL, Angelo Miele of 
Purdue Univ., Cremer Muller of 
Solar Aircraft, Lt. Col. C. G. Strathy 
of ARDC, E. W. Wahl of AFCRC, 
and Frank Kasala of Pacific Elec- 
tronic Co. The meeting was replete 
with informal get-together party, 
banquet, film evening, and an ex- 
cursion to the rocket test plant at 
Kawagoe. 


© There does not appear much like- 
lihood that Japan will attempt any 
early production of Sidewinder or 
Hawk missiles; but the Japanese 
Defense Agency is hoping to set 
up a corps trained to handle 
ground-to-air missiles which can 
employ nuclear warheads. 
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Energy conversion is our business 


* 

* 


Heat lost except at absolute zero? 
A measure of disorder? 

A statistical probability of state? 
The gradient of a scalar? 


Macrocosmic phenomenon or 
microcosmic, too? 


The fundamental concept of entropy 
is involved in many phases of our 
technology. Hence we have a funda- 
mental need to know everything we 
can about its significance. This 
knowledge is critical to our work of 
energy conversion. 


Thus we probe and inquire, search 
without wearying — call upon the 
talents of General Motors Corpora- 
tion, its Divisions, and other indi- 
viduals and organizations — for a 
complete appreciation of all phases 
of scientific phenomena. By apply- 
ing this systems engineering con- 
cept to new research projects, we 
increase the effectiveness with 
which we accomplish our mission — 
exploring the needs of advanced 
propulsion and weapons systems. 


If you have advanced academic 
recognition and appropriate experi- 
ence in the field of science and 
research, we would like to hear from 
you. Write R. C. Smith, Salaried Per- 
sonnel, Dept. E-2. 
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Division of General Motors, 
Indianapolis, Indiana 


ule 
4 
le, 
li- 
le 
ne 
nt 
: 
n- Se e ° 
0 
e 
h 
e 
1- 
S, 
: 
1S 
n 
d 
0 | 
e 
t 
* 
| 
WA 
>» if 


14 Astronautics / July 1959 


Honeywell calls it 


SPACEABILITY is a new term 
meaning the capability to 
completely equip man for 


survival in space. While he 


ea will retain the ability to exercise 
his judgement with manual 
controls, man’s welfare in space 
will depend largely on automatic 
control of his navigation, flight 
and power—in fact, his total 
environment, including food, 


oxygen and waste disposal. 
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There are three areas indispensable to space operations: 
(1) motion control and navigation for vehicles of flight, 
including inertial systems; (2) environmental control for 
human activity; and (3) instrumentation and data proc- 
essing both on the ground and in the air. 


Recognition of Honeywell leadership in all three areas is 
exemplified by the fact that Honeywell controls are going 
into almost all space vehicles presently planned. 


This Honeywell capability is benefiting the following 
projects, some of which have already been completed: 


e Providing complete guidance and flight control sys- 
tem for Project Scout, the NASA launching vehicle for 
orbital and probe flights of instrumentation satellites. 


¢ Developing navigation and guidance system for the 
proposed Martin version of Dyna-Soar, the Air Force 
pilot-controlled semi-orbital vehicle. 


¢ Developing and producing an advanced space cabin 
environment simulator for the Air Force School of Avia- 
tion Medicine. 


© Supplying orbital injection guidance reference sys- 
tems for Project Vanguard’s launching of satellites into 
predetermined orbits. 


e Developing and producing attitude control for both 
orbiting and re-entry versions of project Mercury, the 
NASA manned Satellite program. 


e Developing and producing attitude stabilization 


systems for vehicles used in re-entry test phases of 


Project Mercury. 


e Human engineering studies and instrumentation de- 
velopment for pilot orientation in space flight for Project 
Mercury. 


Corporate capability—with a notable 
background in missile and space systems management. 
as well as in the design. development and production of 
systems and components, Honeywell is fully qualitied 
for work on all phases of prime missile and space systems. 


Human engineering in relation to space 
flight is being studied by an entire project team at the 
Military Products Group’s aeronautical facility in Minne- 
apolis. The group is made up of specialists in anthro- 
pology, anthropometry, bio-chemistry, bio-physics. psy- 
chology and psycho-servo analysis. Their goal: opti- 
mum integration of man into a complex control system, 
which involves problems such as efficiently dividing labor 
between manual and automatic computation equipment. 


Honeywell organization makes 
available to space projects unique capabilities and experi- 
ence. These include Industrial Instrumentation. Comput- 
ing and Recording complex; the services of environmental 
experts in the Temperature Controls Group; and associ- 
ated members of the Military Products Group: Ordnance, 
Aeronautical, Boston, and Missile Equipment Divisions. 
The Corporate Research Center works closely with all 
groups. 


Areas of interest and activity at Honeywell 
for space projects include the following: 

Inertial guidance and navigation systems, gyros, stable 
platforms, accelerometers, computers, air data systems, 
ballistic trajectory control systems, horizon scanners, tx 
takers, reaction jets, control valves. 

Other areas are flight data sensing and display systems. 
telemetry and recording systems, data reduction systems. 
pressure and temperature sensors, analog-digital and digi- 
tal-analog converters, atmosphere composition control 
systems, temperature control systems, pressure control 
systems and recording devices. 

If you have a problem that requires outstanding capa- 
bility in control for space projects. call on Honeywell. 
For information write Honeywell, Minneapolis 8, Minn. 


Honeywell 
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For the record 


May 


May 


May 
May 


May 


May 


May 


May 


May 


May 


May 


May 


Swallow Mockup 


I—NASA cancels Venus probes scheduled for 
June. 

—NASA names its new space center at Green- 
belt, Md., the Goddard Space Flight Center. 
2—AF says operational Atlas will be ready in 
July. 


5 


AF Titan drops first stage in successful test. 
6—NASA_ awards Convair-Astronautics $33.5 
million Vega contract. 

—House space committee authorizes NASA 
$485,250,000 for fiscal 1960. 


—Army fires Jupiter 1500 miles. 
—AF Snark completes 5000-mile test flight. 


10—House space committee report says U.S. hopes 
to have worldwide satellite communications net- 
work operating by 1963. 


11—AF discloses that liquid hydrogen rocket fuel 
is being produced on large-scale by Air Products 
Inc. and Stearns-Roger Mfg. Co. 


12—Prime Minister Macmillan officially announces 
England’s plans for space research program, to 
start with development of an earth satellite. 


13—Army receives first of eight Rocketdyne en- 
gines for Saturn development. 


14—Army says Jupiter is ready for operational 
use. 
—Jodrell Bank sends intercontinental message 
to AF Cambridge Research Center, using the 
moon as a reflector. 


15—DOD and AEC reverse themselves, rgree to 
recommend development of a prototype nuclear 
plane. 
—AF Chief Scientist Joseph V. Charyk is nomi- 
nated as AF Asst. Secy., succeeding Richard C. 
Horner, now NASA associate administrator. 


17—Navy-devised snare catches dummy _ Polaris 
missiles in mid-air so they can be re-used. 


18—Raytheon proposes sky station that hovers at 
end of electromagnetic “extension cord,” for 
which it expects AF study contract. 
—Atlas 
blows up. 


carrying operational-type warhead 


The month’s news in review 


—Navy Polaris fizzles in flight. 


AF releases photos recently made from Thor 
nose cone at 300 miles altitude. 


May 20—House okays $480,500,000 for NASA for fiscal 
1960—$70 million for Project Mercury and $333 
million for R&D. 


May 21—AF recovers Thor-Able nose cone after 6000- 
mile trip down the Atlantic. 


—NASA says it plans 47 space shots, including 
11 lunar and interplanetary probes, within next 
2 1/2 years. 


May 22—AF reveals it has proposed to Joint Chiefs of 
Staff a nuclear command which will include new 
missile-hurling subs. 


May 23—Report by President’s Science Advisory Com- 
mittee recommends doubling of education fund. 


May 26—DOD tells Congress it has no long-range pro- 

gram for space research, puts Herbert F. York, 
director of research and engineering, in charge 
of its military space program. 
—Vestnik, official organ of Soviet Academy of 
Sciences, says the academy has approved a de- 
centralized system of administering and_plan- 
ning Soviet scientific research. 


May 27—NSF asks Senate to restore House cut in funds 
for basic research. 


—Detlev W. Bronk, president of NAS-NRC, an- | 


nounces formation of a new Committee on the 
Scope and Conduct of Materials Research. 


May 28—NASA discloses that monkeys Able and Baker, 


| 
| 
| 
| 


placed in a Jupiter nose cone, were recovered | 
alive after being rocketed 300 miles into space | 


from Cape Canaveral. 

James R. Killian Jr., President’s special assist- 
ant for science and technology, resigns to retum 
to MIT. George Bogdan Kistiakowsky, profes- 
sor of chemistry at Harvard Univ., succeeds Dr. 
Killian. 

—House space committee discloses Army has 
been working on a new airplane resembling a 
saucer, 


May 31—NASA says it plans a transcontinental radio 
link between New Jersey and California by 
bouncing radio signals off a balloon orbiting in 
space. 


Shown for the first time in full-scale 
mockup, the all-weather jet-propelled 
reconnaissance drone, Swallow, being 
developed by Republic Aviation for 
the Army Signal Corps in a $30 mil- 
lion program, will be made in test ver- 
sions this year. The drone will em- 
ploy infrared, radar, photographic, 
and other devices for reconnaissance. 
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CDC makes your rocket payloads pay off. It 
takes complete knowledge of high altitude 
rocket systems to create a successful payload, 
launch it precisely, and recover Fat if desired. 
CDC has utilized such knowledge tn its design, 
launching, data collection and recovery for a 
variety of space projects. From muniaturized 
instrumentation for measuring atmospheric 
phenomena to the hundred-pound payloads of 
the satellite and Man-in-Space programs, CDC 
can do the job—dependably, reasonably, quick- 
ly. No matter what your space research prob- 
lem, CDC can help you. Cooper Development 
Corporation, 2626 South Peck Road, Monrovia, 
California. 


IRONMENT IN SOUTHERN CALIFORNIA, 
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NEW DIMENSIONS IN | 


: “to strive, to seek, 
to find, and not to yield” 
LORD TENNYSON 


A DIVISION OF GENERAL METALS CORPORATION 
10777 VANOWEN ST., BURBANK, CALIFORNIA 


DISTRICT OFFICES: 


MINEOLA, L.I. NEW YORK * DAYTON, OHIO + WICHITA, KANSAS 
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COVER: “Radiation,” a photogram by the 
talented photography team of Erich Locker 
and Gladys Washburn, utilizes moving lights 
to provide a studio impression of the pat- 
terns formed by various types of radiation 
in space. 


Astronautics 


JULY 1939 


Basic Research 


The sober merchants of Pisa must have shaken their heads at 
the sight of dignified scholars earnestly dropping little weights out 
of the top of the famous leaning tower. Could this be some strange 
wager they were settling? Few engineering calculations could be 
made today without reference to the basic laws of gravitation de- 
duced from simple experiments with falling rocks and feathers in 
a vacuum, accomplished on a dime-store budget with high-school 
talent and the audacity to seek universal explanations. 

Dawn on Long Island is disturbed by an erratic, sputtering rocket 
flaming briefly in the sky as irate policemen chase the perpetrators 
of the pyrotechnics out of the vacant lot where the launching took 
place. Could these grown men playing with rockets at dawn be 
anarchists up to no good? From such experiments, Robert H. God- 
dard derived the basic equations of reaction propulsion for space 
missiles. He sought basic principles without which applied de- 
velopments could never begin. Today, the universal laws of gravi- 
tation can be verified in the near vacuum of space by means of 
missiles derived from Dr. Goddard's basic research. 

The exploitation of the frontiers of space, the massive growth of 
missile technology, the pressure to perfect applied engineering de- 
sign should not extinguish curiosity and intuitive wonder concerning 
universal abstractions. Intellectual courage of a high order is re- 
quired to leave the narrow channels of specialization, the rational 
justification of applied objectives that can be attained with proved 
certainty, for the precarious adventures of basic research with no 
assurance of positive results, no tangible product that cost account- 
ing can justify. 

Even more courage is needed to live with a humiliating awareness 
of ignorance while groping awkwardly for elusive truth in the outer 
darkness beyond the reassuring certainties of established fact. con- 
stantly exposed to suspicion and ridicule from those who frown on 
unconventional thinking. For such minds, the only dogma is doubt; 
the only credo, the open mind; the everlasting reward, the creative 
joy of discovery. 

That the whole scientific progress of civilization depends on guid- 
ance from basic research was recognized by the more than 500 lead- 
ing scientists and educators who attended the Basic Research Sym- 
posium in New York in May. For, in the words of President Eisen- 
hower, “Basic science . . . represents the frontier where exploration 
and discovery begin. Moreover, achievements in basic research and 
new knowledge, adding as they do to man’s fundamental under- 
standing, have a quality of universality that goes beyond any lim- 
ited or local application, and eventually benefits all mankind.” 


John P. Stapp 
President, AMERICAN RocKET SOCIETY 
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The three photos of the sun above and the one opposite were taken simultaneously March 13 in differ- 
ent spectra: From left, white light, Hydrogen-a, Calcium-K, and—for the first time—Lyman-q. The 


rocketborne camera shown on the opposite page took the Lyman-qa photo. 


The sun and the upper atmosphere 


Rocket astronomy, adding to our knowledge of the solar spectrum, 


has begun to define the enormous role played by manifold solar 


radiations in the earth's atmosphere and in interplanetary space 


Herbert Friedman is supervisor of 
NRL’s Atmosphere and Astrophysics 
Div., and formerly headed its Electron 
Optics Branch for a number of years. 
Actively engaged in upper-atmosphere 
rocket research since 1949, particu- 
larly in the field of solar-terrestrial 
relationships, he was in charge of 
NRL’s solar flare rocket experiments 
at San Nicolas Island, played an ac- 
tive role in the instrumentation of 
Vanguard, and was a member of the 
working group on internal instrumen- 
tation for the IGY Technical Panel on 
Earth Satellites. Dr. Friedman _ re- 
cently received the Distinguished 
Civilian Service Award for develop- 
ment of radiation-detection devices 
and for important research in astron- 
omy and astrophysics, including pio- 
neering work in rocket astronomy. 
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By Herbert Friedman 
U.S. NAVAL RESEARCH LABORATORY, WASHINGTON, D.C. 


ECAUSE of its enormous influence throughout the atmosphere. 

the sun has been the primary object of rocket astronomy since 
inception of this study some dozen years ago. In the uppermost 
regions, ultraviolet and X-rays create the mantle of electrified air 
known as the ionosphere. When the sun is active, it showers storms 
of ionized particles upon the atmosphere, creating huge electrical 
currents that distort the earth’s magnetic field and produce the 
brilliant auroras. 

One of the primary purposes of studying the sun is to relate solar 
weather, as observed with all the techniques of astronomy, to iono- 
spheric and tropospheric weather. The sun is a dynamic complex 
of sunspot magnetic fields, plages, spicules, prominences, flares, and 
hot spots or condensations in the corona. Although the steady out- 
put of visible light in the sun suggests great stability, every tech- 
nique for observing the solar surface in greater detail or in specific 
wavelengths shows that its surface is anything but quiescent. 

Sunspots are often visible to the naked eye and the numbers wax 
and wane with an ll-year rhythm. Associated with these sunspots 
are localized magnetic fields more than 10,000 times as intense as 
the magnetic field of the earth and at times extending over a bil- 
lion square miles. Powerful telescopes reveal a continually chang- 
ing pattern of turbulence or granulation covering the entire disk. 
Fountains of hot gas called spicules surge up 1000 miles high above 
the granules and subside in a matter of minutes. Clouds of scarlet 
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vapor, called prominences, erupt to heights of 50,000 
miles and swirl off into space. At times, flashes of 
intensely brilliant radiation (solar flares) burst forth 
in the neighborhood of sunspots. 

Rocket astronomy has shown that when the sun 
is particularly active both its ultraviolet and X-ray 
emissions increase. These are the radiations that 
affect the ionosphere, sometimes improving its radio 
mirror properties, at other times causing it to absorb 
radio waves and produce shortwave fadeouts. The 
total energy radiated in X-rays or ultraviolet light, 
however, is only a very small portion, measured in 
thousandths of a per cent, of the total energy output 
of the sun. The energy thrown off the sun in the 
form of gas clouds may be a thousand times as great 
as the short wavelength ultraviolet and X-ray emis- 
sions, so that it seems more likely that any relation- 
ship between solar weather and_ tropospheric 
weather is tied up with the transfer of particles from 
sun to earth, rather than electromagnetic radiations. 


V-2 Played Important Role 


Barely a dozen years ago, the short wavelength 
limit of observations of electromagnetic radiations 
from space was 2850 A. All shorter wavelengths 
are absorbed by atmospheric gases—ozone, oxygen, 
and nitrogen. Early attempts to see beyond 2850 A 
in the ultraviolet were made from mountaintop 
observatories and from balloons. In 1934, a spec- 
trograph was flown to 30 km in a balloon, but even 
that height was not adequate. Not until October 10, 
1946, when NRL scientists sent a spectrograph aloft 
in a V-2 rocket, was our knowledge of the solar 
spectrum extended into that region of the ultra- 
violet absorbed by ozone before it can reach the 
ground. 


Lyman-a solar disk camera, diagramed below, 
and a spectrograph rode in the special instru- 
ment package of the Aerobee-Hi, above, to the 
upper reaches of the atmosphere to take the 


first photo of the sun in Lyman-a@. Two-axis 
rotation permits instruments to follow the sun 
despite rocket spin and yaw. 
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Since then, many successful spectrograms have 
been obtained with the aid of rockets by NRL, 
AFCRC, and the Univ. of Colorado; and, within the 
past year, almost the entire range of electromagnetic 
radiations has been photographed down to the X-ray 
limit. With the aid of photoelectric detectors in 
rockets, the interaction of the ultraviolet and X-ray 
spectrum with the atmosphere has been mapped 
out in height from the ozonosphere to the maximum 
of the ionosphere. 

How does our present knowledge of the solar 
spectrum as obtained from rockets compare with 
ideas of 20 years ago? The spectrum of the visible 
sun encompasses a continuum of rainbow colors 
and is striated with dark Fraunhofer absorption 
lines. The continuous emission in the visible range 
resembles that of a 6900-K black body. We used to 
believe that it would still resemble a 6000-K source 
in the ultraviolet, but rocket measurements reveal 
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X-rays from a quiet sun have a distribution characteristic of a 500,000 K coronal temperature. Local con- 
densations in the corona reach temperatures of 2,000,000 K and emit shorter wavelength X-rays. During 
a solar flare, the active region may reach temperatures as high as 10,000,000 K. The portion marked 


4,000,000 K was observed during a small flare. 
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2000 ANGSTROMS 


In the ultraviolet, the continuum emission is very weak, 


and most of the energy is carried in a few strong lines, such as He II (304 \) and Lyman-q@ (1216 A). 


the sun to be orders of magnitude weaker in its con- 
tinuum as the wavelength decreases toward 1000 A. 

Throughout the 1000-2000 A range, the primary 
atmospheric absorber is molecular oxygen, which is 
dissociated into atomic oxygen by the direct action 
of sunlight. Whereas a 6000-K ultraviolet) sun 
would produce essentially complete dissociation 


Penetration of the Atmosphere 
by Solar X-rays and Ultraviolet 
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Note: At the indicated level, the fraction |/e (natural log base) of 
the incident flux remains. Absorbing molecules are indicated at the 
appropriate wavelengths. 


near 100 km, at the base of the E-region of the iono- 
sphere, the weaker sunlight measured with rockets 
never succeeds in completely dissociating oxygen 
even at a height of 200 km. We thus discover 
molecular oxygen as high as the F-region and this 
oxygen has important consequences in the formation 
of the higher ionosphere. 

Below 1500 A, the continuum intensity becomes 
almost negligible, and bright lines begin to appear 
in the spectrum. Lyman-a, the characteristic reso- 
nance emission of hydrogen atoms at 1216 A, stands 
out as the most prominent emission line in the solar 
spectrum. Until recently, there remained a great 
gap in our knowledge of the solar spectrum be- 
tween Lyman-a@ and the X-ray region, but during 
the IGY remarkable progress was made in the 
spectroscopy of this region. In the entire range, 
between Lyman-a and the X-ray end of the scale, 
over 100 emission lines have been photographed. 
There appears to be more energy in the single wave- 
length emitted by ionized helium at 304 A than in 
all of the rest of this region combined. 

Measurements of X-ray emission have been made 
primarily with photon counters and_ ionization 
chambers. The quiet-sun distribution resembles a 
thermal source at a tem- (CONTINUED ON PAGE 55) 
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Trajectory of Mechta in Geomagnetic Coordinates, Showing Radiation Pattern 
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Mechta radiation data 


Note: Along the trajectory are shown flight 
time (Moscow) and intensity (vertical lines 
extending to the trajectory). The drawing 
includes magnetic force lines intersecting the 
earth's surface at geomagnetic latitudes of 
50, 55, 60, 65, and 70 deg. The magnetic 
field is taken as the dipole field with geo- 


100 magnetic pole coordinates 78.5 deg N and 


noe 199 69 deg W. The internal zone is shown by 
dots, the external by hatching. Intensity dis- 
tribution in the second zone is shown qualita- 


tively by hatching density. 


Russia’s heavily instrumented lunar probe has yielded quantitative data 


on cislunar corpuscular radiation, as well as the Great Radiation Belt 


By S. N. Vernov, A. Ye. Chudakov, P. V. Vakulov, and Yu. I. Logachev 


HE COSMIC rocket (Mechta) launched in the 

direction of the moon on Jan. 2, 1959, was pro- 
vided with equipment for recording cosmic rays and 
terrestrial corpuscular emission. The latter is un- 
derstood to consist of streams of fast charged parti- 
cles at high altitudes, for which the magnetic field of 
the earth provides a so-called “magnetic trap,” caus- 
ing the emission to have a relatively high intensity. 
The equipment installed on the cosmic rocket was 
aimed at providing, insofar as possible, data related 
to the two specific questions. Two Geiger counters 
and two scintillation counters detected particles. 
The Geiger counters had 1 by 5 cm and 1.8 by 10 
cm dimensions; the walls were made of stainless 
steel 0.1 mm thick. 

The first scintillation counter was further develop- 
ment of a device used by us on Sputnik III. The 
detector consists of a cylindrical crystal of sodium 
iodide of 39 by 40 mm size. Measurements were 
carried out of phenomena with energy thresholds 
of I-45 kev; I1—450 kev; I1[—4.5 mev; and IV—the 
total ionization produced in the crystal. To avoid 
nonlinear distortions, the ionization determination 
was carried out by measuring not the anode current 
but the current of one of (CONTINUED ON PAGE 86) 
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Note: R—Distance to earth’s center; |, Il, Ill—counting tempo with 
threshold of 45 kev, 450 kev, and 4.5 mev, respectively; counting 
tempo refers to unit of cross-sectional area of counting crystal (19 cm”); 
IV—total ionization (full energy liberation in crystal per second); V— 
Geiger counter readings. 
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General form of the Great Radiation Belt (left). Frame demarks portion of the auroral zone for which heating effects 
were calculated. At right, model of heating in the auroral zone. 


Density and temperature 


of the upper atmosphere 


Analysis of IGY rocket and satellite data leads to the surprising 


picture of density in the auroral zone controlled by the Great Radia- 


tion Belt, and relatively independent of latitude outside this zone 


Robert Jastrow is chief of NASA’s 
Theoretical Division and is also head 
of NASA’s Lunar Exploration Pro- 
gram. After receiving a Ph.D. in 
physics from the Univ. of Columbia 
in 1948, Dr. Jastrow spent a year as a 
postdoctoral fellow at Leiden Univ. in 
the Netherlands and a_ subsequent 
year as a member of the Institute for 
Advanced Study at Princeton, N.J. 
He was a research fellow and a pro- 
fessor of physics at the Univ. of Cali- 
fornia from 1950 to 1954, when he be- 
came a consultant to NRL. Dr. Jas- 
trow joined NASA in his present posi- 
tion when the agency was formed. 
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By Robert Jastrow 
NASA GODDARD SPACE. FLIGHT CENTER, GREENBELT, MD. 


A‘ THE beginning of the International Geophysical Year, the 

density and temperature of the upper atmosphere were rela- 
tively well known below 100 km, and known with less precision up 
to 200 km. Above 200 km the properties of the atmosphere could 
only be estimated by extrapolation from data at lower altitudes. 
These estimates were uncertain by factors of 100 at an altitude of 
500 km and 10* at 1000 km. 

The ceiling on density measurements was lifted to 700 km by the 
first data from Vanguard I, which yielded values at that altitude with 
an uncertainty of a factor of 2. Other satellities before and after 
Vanguard I filled in the density curve at intermediate altitudes with 
the same precision. Analysis of these measurements, in combination 
with rocket data at lower altitudes, has revealed several interesting 
features which promise to broaden our understanding of upper at- 
mospheric dynamics. For instance, there is evidence that the upper 
atmosphere in the auroral zone is controlled by the intensity of 
particles in the outer Van Allen belt, and has properties differing 
entirely from those of the atmosphere at temperate and equatorial 
latitudes. 

The density of the atmosphere is determined from satellite track- 
ing data by an indirect method, based on analysis of changes in the 
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satellite period of revolution. The change in the 
orbital period is a direct result of atmospheric drag, 
which causes the satellite to lose energy continuously 
during its lifetime. As the energy of the satellite de- 
creases, it falls toward the center of the earth, re- 
ducing its average altitude, and therefore the time 
required to complete each circuit. Detailed calcula- 
tions, based on the equations of satellite motion, de- 
termine the quantitative relation between the reduc- 
tion in the period and the average air density in the 
orbit. 

The figure at bottom right shows the effect of drag 
on the orbit. Drag at perigee decreases satellite al- 
titude on the succeeding apogee, shortening the 
period. 

Since density falls off very rapidly with increasing 
altitude, the average density in the orbit is heavily 
weighted by the contributions near perigee. 


Strong Latitude Dependence Shown 


A strong latitude dependence is one of the most 
interesting characteristics of the density data ob- 
tained from rocket flights during the IGY. Measure- 
ments by LaGow, Townsend, and their collaborators 
at NRL indicate that at 200 km the summer daytime 
density at Arctic latitudes is six times greater than 
the corresponding density at temperate latitudes. 
LaGow has also found that density values in the 
Arctic Zone depend on the season and time of day. 
His data show that at an altitude of 200 km the 
northern atmosphere is two times heavier in the 
day than at night, and two times heavier in the sum- 
mer than in winter. 

It is not difficult to find a simple explanation for 
the diurnal, seasonal, and latitudinal variations. 
During the day, the sun heating the atmosphere 
probably causes an upward expansion, resulting in a 
large increase in density at high altitudes. The ef- 
fect of solar exposure should be greater in summer 
than in winter, and most pronounced during the 
long day of the Arctic summer, in agreement with 
LaGow’s observations. 

Direct temperature measurements have not been 
made in the upper atmosphere. However, temper- 
ature can be determined indirectly from the alti- 
tude dependence of the density measurements with 
the aid of the formula: d= d,e~( ~ %/". This 
formlua gives the relationship between the density 
(d) at altitude (h) and density (d,) at altitude 
(h,). The scale height (H) is obtained from this 
relationship: H = k T/Mg, where k is Boltzmann's 


constant, T and M are, respectively, the temperature 
and molecular weight of the atmosphere, and g is 
the acceleration of gravity. The formula for density 
is valid if the collision mean free path in the atmos- 
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Effect of Drag on Satellite Orbit 


phere is less than H and the fractional change in 
temperature is small over a distance of H. 

According to the formula for density, the temper- 
ature of the air is obtained directly from the slope of 
a logarithmic plot of density vs. altitude. By this 
method, LaGow and his collaborators determined 
atmospheric temperatures at altitudes between 150 
and 200 km over the White Sands Missile Range in 
New Mexico and the Fort Churchill range in the 
Canadian auroral zone. They found that during a 
summer day the temperature of air in the auroral 
zone is approximately 2000 K, as compared with a 
relatively cool 1100 K over New Mexico. 

Satellite density data show large fluctuations in 
addition to systematic variations. These fluctuations 
are probably the result of atmospheric heating pro- 
duced by streams of energetic particles and radia- 
tion from the sun. The surface of the sun boils and 
bubbles in a very active manner, occasionally emit- 
ting large gusts of plasma and radiation into the 
solar system. It has been discovered by Jacchia of 
the Harvard College (CONTINUED ON PAGE 108) 
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Instruments like this experi- 
mental Langmuir Probe will 
soon be giving direct meas- 
urements in the ionosphere. 


Approach to the ionosphere 


IGY brought ionospheric studies to the level of a systematic 


and quantitative science, with promise of solving problems of 


interplanetary communications and solar and cosmic processes 


Warren W. Berning serves as chief 
of the Applied Physics Branch of 
the Ballistic Research Laboratories, 
Army Ordnance Corps. In this capac- 
ity, he has been active in upper-at- 
mosphere research and has_ exten- 
sively studied ionospheric effects en- 
countered in the radio tracking of 
high-altitude missiles. During the 
IGY, he directed the rocket research 
program of the Ordnance Corps in 
the measurement of electric currents 
and electron densities in the iono- 
sphere and of water vapor at high alti- 
tudes. He served as a member of the 
IGY Technical Panel on Rocketry and 
its working group for rocket opera- 
tions, and as Army representative to 
the Technical Panel on Earth Satel- 
lites and its working group on satel- 
lite ionospheric measurements. He is 
presently serving on the executive 
committee of the Rocket and Satellite 
Research Panel. 
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Warren W. Berning 
BALLISTIC RESEARCH LABORATORIES, ABERDEEN PROVING GROUND, MD. 


HORTLY after the turn of the century, the scientific world was 

startled when Marconi transmitted wireless signals from Corn- 
wall, England, to Newfoundland. Simple propagation of radio 
waves by diffraction beyond the horizon failed by a considerable 
margin to account for the strength of the received signals. Within 
two years of this remarkable event, a possible mechanism was pos- 
tulated by Kennelly and Heaviside independently, when they sug- 
gested a conducting region in the upper atmosphere which could 
confine the radio waves in a rather shallow spherical duct concen- 
tric with the earth’s surface. 

‘xperimental verification of the Kennelly-Heaviside Layer, or the 
ionosphere, as the conductive region came to be known, waited un- 
til 1925, when Appleton and Barnett, using directive antennas, were 
able to separate signals arriving from the reflecting region and 
those propagated along the ground. These investigations showed 
the presence of several distinct regions of reflection, designated by 
Appleton the D-, E-, and F-Layers of the ionosphere. Within a 
year, Breit and Tuve employed the first pulse-delay radio sounder, 
and gave to the world a powerful tool for extensive quantitative 
studies of the ionosphere. Largely as a result of these contributions, 
a systematic study of the ionosphere became an important part of 
the research carried out in the Second International Polar Year 
(1932). 

In the vears following 1932, the vertical pulse-delay radio sounder 
was used to study the worldwide structure of the ionosphere, and in 
particular, the variations of charge density with altitude as functions 
of latitude, solar time and unusual fluctuations of the earth’s mag- 
netic field (magnetic storms). Through such studies, the morphol- 
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ogy of the ionosphere was developed empirically 
to the extent that very useful predictions of reliable 
radio communications could be several 
months in advance. 

Unfortunately, quantitative knowledge of the 
ionosphere based on measurements taken with 
ground equipment only suffers in several important 
respects. In the first place, the altitude at which 
the vertically transmitted radio wave is reflected 
from the ionosphere is inferred from the product 
of one-half the pulse delay (travel time of radio- 
pulse up and down) and the vacuum speed of light 
or radio waves. Unfortunately, the intervening 
ionosphere and atmosphere slow the pulse and dis- 
tort the pulse waveform, so that the inferred height 
of reflection (virtual height) is considerably greater 
than the true altitude at which reflection takes 
place. The height error is quite large and is greatly 
increased when the variation of electron density 
with altitude is small. 

A second limitation of the pulse-sounder lies in its 
inability to detect fine structure within the layers 
themselves. Appreciable radio reflections are ob- 
tained only from those regions having a_ positive 
gradient of electron density with altitude, so that 
“valleys” (negative gradients) in the ionospheric 
regions are not observed. Finally, and for the rea- 
son above, the nature of the ionosphere, above the 
F-Layer maximum electron density, is obscured 
from the view of groundbased equipment. 


Limitations Recognized Early 


The obvious limitations of the ionospheric pulse- 
sounder were recognized quite early, and the de- 
sire expressed for direct measurements using rocket 
carriers. It was not until 1946, however, when the 
firing of captured V-2 rockets began in this country, 
that such a program could be initiated. In the 
early experiments, several techniques were em- 
ployed, and it is significant perhaps that these same 
methods, somewhat modified and certainly im- 
proved, are in use today in both satellite and 
rocket high-altitude research programs. Of course, 
newer means for direct measurements in the iono- 
sphere are being developed, and will be extensively 
used in future satellites, sounding rockets, and deep- 
space probes. 

The advent of the IGY furnished a considerable 
impetus here and abroad to extend greatly our 
knowledge of fine structure of the ionosphere, and, 
in particular, to study the variations at different 
latitudes and for different solar conditions. With 
the help of the Canadian government, the U.S. Na- 
tional Committee for the IGY planned and imple- 
mented an extensive rocket research program at 
Fort Churchill, Canada. (CONTINUED ON PAGE 116) 


Direct lonosphere Exploratory Techniques 


Method Quantity Measured Status Vehicle 
Phase/velocity Electron density Current Primarily 
comparisons rocket 
Faraday rotation do do Rocket, 
satelite 
Pulse retardation do do Primarily 
rocket 
Radio-dawn and do do Satellite 
radio-set 
lon trap lon density, electron do Primarily 
temperature satellite 
Scintillation Turbulence in the iono- do Primarily 
measurements sphere satellite 
Langmuir Probe Electron density, ion Immediate Rocket, 
density, electron tem- future satellite 
perature 
Retarding-po- do Future Primarily 
tential device satellite 
Antenna imped- do do Rocket, 
ance satellite 
Top-side, sweep- _ Electron density do Satellite 
frequency 
sounder 
Profile of the Afternoon, 
Quiet lonosphere in Mid-Latitudes 
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Measuring upper-air structure 


IGY investigation of the larger structure of the 30-90 km region of 


the atmosphere introduced a variety of rocketborne instrumentation 


for making pressure, temperature, and density measurements 


By Leslie M. Jones 


UNIVERSITY OF MICHIGAN, ANN ARBOR, MICH. 


Leslie M. Jones is supervisor of the 
Univ. of Michigan’s High-Altitude Re- 
search Laboratory. He received a 
B.S. in engineering physics from the 
Univ. of Michigan in 1940 and, after 
six years in industrial electronics, 
joined its program of upper-atmos- 
phere research, which has occupied 
him since. He helped plan the rocket 
range at Fort Churchill, Canada, and 
was instrumental in introducing the 
Nike-Cajun rocket to the IGY pro- 
gram. His laboratory group has in- 
strumentated 50 rockets of five differ- 
ent kinds for making upper-air struc- 
ture measurements. 
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WHat we call the structure of the upper atmosphere is generally 

understood to be described by the parameters, pressure, tem- 
perature, density, composition, and winds. A complete understand- 
ing of the composition, that is, of all particulate constituents, would 
be nearly the same thing as a complete understanding of the atmos- 
phere, and in structure measurements a more limited idea of com- 
position is usually adhered to. A simple, useful composition param- 
eter is mean molecular weight. 

A knowledge of mean molecular weight is essential in evaluating 
the relationships between pressure, temperature, and density. If, 
for example, one has measured the density (p,) as a function of alti- 
tude (h), the temperature (T;,) may be calculated from 


where g is the acceleration of gravity; p, and T, are known values 
at a starting altitude; R is the universal gas constant; and M is the 
molecular weight. 


Ingenious Rocket Methods Devised 


By means of rocketborne sample bottles and spectrometers, it has 
been established that the mean molecular weight of air is essentially 
the same from sea level to 90 km. With the aid of this fact, upper- 
air structure, excepting wind, may be investigated up to 90 km by 
measuring either density, pressure, or temperature and calculating 
the other two parameters by relationships of the kind given above. 
Various ingenious rocket methods have been devised since 1946 
to measure P, T, and p. 

During the IGY, a major portion of U.S. sounding rockets carried 
structure experiments. The effort described here was concentrated 
in the altitude region from 30 to 90 km. The lower limit was set by 
the limitation of some of the methods and by the fact that balloon 
sondes cover altitudes below 30 km. The 90-km upper limit was set 
by the high cost of high-altitude rockets and, again, by the limita- 
tions of the measuring methods. 

For instance, in addition to the uncertainty of mean molecular 
weight, only approximate methods of analysis are available in the 
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region where the mean free path is the same order of 
magnitude as the dimensions of the apparatus. At 
90 km, the mean free path is about 3 cm. Variations 
of pressure-gauge and drag methods have neverthe- 
less been used in the region from 100 to 250 km on 
rockets and satellites. Above 150 km, where the 
mean free path is 3 m, the aerodynamic analysis is 
more firmly established than in the “transition” re- 
gion below. A complete interpretation of PTp meas- 
urements, however, awaits more knowledge of com- 
position. 

The IGY program of the Univ. of Michigan con- 
sisted of 31 rockets—13 Aerobee’s and 18 Nike-Ca- 
jun’s, equipped with three types of instruments for 
structure measurements. 

N. W. Spencer, of the University’s Space Physics 
Research Laboratory, in a series of 11 firings spon- 
sored by AFCRC, used alphatron ionization gauges 
to measure ram and cone-wall pressures. Air was 
admitted to gauges from the surface of the cone 
through short tubes, as indicated in the figure at top 
right. Ions produced by a tritium beta source were 
accelerated to a collector electrode. The neutraliz- 
ing electrons passed through very high resistances in 
the collector circuit as in conventional filament-type 
gauges. The resulting IR drop, a measure of the air 
density (or pressure at a known gauge tempera- 
ture), was then telemetered to the ground. Auto- 
matic switching circuits changed the collector cir- 
cuit resistors to accom- (CONTINUED ON PAGE 50) 
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Positive ions in the ionosphere 


Mass spectrometers, borne aloft by Aerobee-Hi's in IGY experiments, 


show that positive ions of mass 30°, presumably nitric oxide, 


play an unsuspectedly large role in the control of the ionosphere 


By Julian C. Holmes and Charles Y. Johnson 


U.S. NAVAL RESEARCH LABORATORY, WASHINGTON, D.C. 


Johnson 


Holmes 


Julian C. Holmes and Charles Y. John- 
son are members of the Rocket Sonde 
Branch of the Naval Research Laboratory. 
Holmes, a 27-year-old physicist from 
Maine, received a bachelor’s degree in 
physics from Bowdoin College (1952). 
He is presently doing part-time grad- 
uate work in physics at the Univ. of 
Maryland. Since joining NRL in 1952, 
he has been working in the fields of 
electronic countermeasures and ion com- 
position of the ionosphere. 


Johnson, 38-year-old native of the Dis- 
trict of Columbia, graduated from the 
Univ. of Virginia (1942) with a bache- 
lor’s degree in electrical engineering. 
Since 1946, which marked the beginning 
of NRL upper-atmosphere research, his 
work has been concerned with cosmic 
rays and ion composition of the iono- 
sphere. He is a member of the Amer- 
ican Geophysical Union, American Phys- 
ical Society, and Institute of Radio Engi- 
neers. 
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OR ALMOST 200 years, man has been investigating manifes- 

tations of physical phenomena which take place in the earth’s 
ionosphere. The northern lights and magnetic field variations 
have been longest under man’s scrutiny. During the first years 
of the present century, with the beginning of successful long- 
distance radio communications, the existence of an electrically 
conductive region high in the earth’s atmosphere was postulated 
by Kennelly and Heaviside. Their suspicions were confirmed in 
the early 1920's by scientists both in Great Britain and the U.S. 
who made measurements on radio waves reflected from the iono- 
sphere. Since then, the ionosphere has been under almost con- 
stant surveillance of one kind or another. Concern for reliable 
communications, understandably, fathered much of this work. 

But today, a more general interest in our ionosphere is being 
taken by chemists, physicists, and astronomers alike. Radio black- 
outs, sudden ionospheric disturbances, magnetic storms and day- 
to-day ionospheric parameters are now being studied not only for 
prediction purposes, but also to gain a solid understanding of 
ionospheric physics. This electrical upper atmosphere, while 
providing us with interesting evidence of its activities, actually 
shields us from much of the electromagnetic, and all of the cor- 
puscular, radiation that is incident on our outer atmosphere. 

It is to this ionizing radiation that the ionosphere owes its 
existence, and it is the variation in this radiation that produces its 
activity. Ground observations of the ionosphere thus assume new 
significance, one being that of providing an indirect monitor of 
energy flow between the sun and earth. 

Before the development of the high-altitude research rocket, 
groundbased_ observations on reflected radio waves were our 
main source of information. Rockets which carry instrumentation 
to measure ionospheric electron density have gathered sufficient 
data to correct a number of misconceptions concerning the inter- 
pretation of these ground recordings, with the result that we can 
now interpret them in terms of actual electron density profiles. 
The electrons, stripped from neutral molecules and atoms by the 
action of solar ultraviolet and X-radiation, leave behind their 
counterpart, the positive ion. The interaction of these ions with 
other atoms, molecules, and electrons constitutes the electrical 
chemistry of the ionosphere. The maintenance of our ionosphere 
at night, in the absence of incident solar energy, is partially de- 
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scribed in terms of this chemistry. 

The collective motion of these ionized particles 
in the presence of electric fields may account for 
some of the time variations in the earth’s magnetic 
field as measured at ground level. Evidence which 
strongly suggests such phenomena has been gath- 
ered by rocketborne magnetometers, which have 
measured sharp discontinuities in the ambient mag- 
netic field at altitudes above 100 km in the vicinity 
of auroral activity. 


NRL Developed Instrumentation 


Basic to the understanding of these ionospheric 
phenomena is the determination of exactly what 
atoms, ions, and molecules are present in the iono- 
sphere at various times of the day and night. It was 
for this purpose that the U.S. Naval Research Lab 
developed IGY rocket instrumentation that would 
simultaneously measure the upper atmosphere’s 
ambient neutral gas, positive-ion, and negative-ion 
composition. 

The heart of this experiment was a Bennett RF 
Mass Spectrometer specially adapted for the rocket- 
borne application. This particular type of instru- 
ment was chosen, among, other reasons, for its light 
weight of about 1 Ib. No magnets are used, the 
mass separation being accomplished with electric 
fields. Three separate spectrometers were flown in 
each rocket, one each to analyze positive and neg- 
tive ions and one for the neutral gas. The spectrom- 
eters were nearly alike in construction, the main 
difference being an ionization source placed at the 
inlet of the neutral-gas spectrometer. 

The mass analysis operations for each spectrom- 
eter are identical. A simplified schematic sketch 
of the positive ion tube is shown at right. The 
analyzer elements—planar wire-mesh grids mounted 
perpendicular to the tube (CONTINUED ON PAGE 102) 
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The nose of this Aerobee-Hi, shown being prepared for 
an IGY launching at Fort Churchill, carried three mass 
spectrometers for sampling the ionosphere. 


Rocket-Carried Mass Spectrometer 
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Pioneer’s 
radiation-detection 
instrument 


The beautiful engineering of the lunar probe radiation experi- 


ment, described here, represents a high point of electronics 


art and an intimation of things to come in space technology 


By Conrad Josias 


JET PROPULSION LABORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CALIF. 


Conrad Josias, a research engineer at 
CalTech’s Jet Propulsion Laboratory, 
holds a B.E.E. from New York Univ. 
and an M.E.E. from Polytechnic In- 
stitute of Brooklyn. At Airborne 
Instruments Laboratory in Mineola, 
N.Y., from 1951 to 1956, he was active 
in the design and development of 
electronic devices and systems. Since 
joining JPL in 1956, he has _ partic- 
ipated in the development of transis- 
tor circuits for missile guidance sys- 
tems and _ payload instrumentation. 
His present activities include teach- 
ing extension classes in transistor 
fundamentals at the Pasadena City 
College. 
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T 12:10:56 a.m. EST, on March 3, 1959, a Juno II rocket system, 
launched from Cape Canaveral, Fla., injected an American 
payload into an escape trajectory that would pass within 38,000 miles 
of the moon and subsequently orbit the sun. The launching 
vehicle was prepared by the Jet Propulsion Laboratory and ABMA 
under NASA direction. Principal roles assigned to JPL in this ven- 
ture were design and construction of the solid-propellant high-speed 
stages, design and construction of the lunar payload, trajectory 
planning, and deep-space telemetry and tracking. Payload weights 
in this first group of experiments in the Juno II program (referred 
to as Juno ITA) were limited to a modest 13-14 Ib. 
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Telemetering record of Pioneer III radiation data monitored from Maya- 
guez, Puerto Rico, as the probe returned earthward. 
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One of the experiments assigned to the Juno IIA 
mission (Pioneers II] and IV) was a measurement 
of radiation intensity along a nominal trajectory be- 
tween the earth and the moon, and possibly beyond. 
Cognizance for this experiment was held by James 
A. Van Allen of the State University of lowa (SUI), 
who had been so successful in recognizing the earth- 
girdling belt of high-intensity radiation detected by 
the radiation package contained in the early IGY 
Explorers. 


JPL Designed Package 


Dr. Van Allen’s responsibility entailed definition 
of the experiment, calibration of the flight pack- 
ages, and interpretation of flight results. Moreover, 
he specified the radiation detector for the experi- 
ment and outlined, in general terms, the type of sys- 
tem to be used with the detectors. The design and 
construction of the electronic “radiation” package 
containing counters, pulse circuitry, a high-voltage 
supply, DC amplifiers, and data coding and com- 
pression devices were done at JPL. The radiation 
package, which we will describe here, represents a 
high point of electronics art, and an intimation of 
things to come in space technology. 

The payload associated with the first Juno IIA 
firing was Pioneer III, a display model of which is 
shown on the opposite page. This cone-shaped as- 
sembly did not achieve escape velocity, but soared 
to an altitude of 63,000 miles before returning to 
the earth. Although the lunar objective of this 
probe was not accomplished, measurement of the 
earthbound radiation fields was more complete than 
if the probe had escaped the earth’s gravitational 
pull. Extensive data were compiled not only on the 
outward leg of the payload trajectory, but also on 
the return phase. The results of this experiment 
indicated, for the first time, the depth and contour 
of the partially explored radiation belt. 

Two Geiger-Mueller tubes were used aboard 
Pioneer III as radiation detectors. One of the tubes 
was used as a standard particle detector, the other 
as an indicator of average pulse current produced 
by particle-induced ionizations. The basic uncer- 
tainties that existed in the experiment pertained to 
the precise nature and energy of the radiation being 
measured. These problems notwithstanding, the 
quantitative space profile was considered to be of 
considerable interest and value on an exploratory 
mission. A package of identical design was flown 
aboard Pioneer IV with 4 grams/cm? of lead shield- 
ing around the current-integrating Geiger tube for 
the purpose of providing additional radiation in- 
tensity data. 

As originally conceived (CONTINUED ON PAGE 114) 
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Drag brake for 
manned satellite recovery 


Simple in design, sophisticated in function, a unique um- 
brella-like steel drag brake offers high reliability, simple 


control, and less weight than comparable retrorocket systems 


The Avco-Everett Research Laboratory By R. W. Detra, A. R. Kantrowitz, F. R. Riddell, and P. H. Rose 


at Everett, Mass. conducts theoretical AVCO-EVERETT RESEARCH LABORATORY, EVERETT, MASS. 
and experimental research in high-tem- ? ’ 
perature gas dynamics and hypersonic 

flight. The Laboratory was created in 

1955, under the direction of Arthur Kan- 

trowitz, internationally recognized au- 


thority in these fields, to gain a funda- HE MANNED satellite designs which have been discussed pub- 
of the licly are adaptations of aircraft or nose-cone technology. In- 

2 ona. Laborator as ha 
uneees. ‘The Laneebery stead of extrapolating one of these devices, we set out some time 
the major responsibility for research on 
re-entry heating problems of interconti- ago to make a “fresh approach” to the design of a manned satellite 
— ballistic — including the system. That approach led to a single basic device to achieve re- 
Atlas, Titan, and Minuteman. 

entry and landing—the dr: ture site page. 

inding- the dr ig br ike pictured on the opposite page 

under the ICBM program is equally ap- How did we arrive at this single basic device? 


plicable to satellite re-entry, and formed 
the basic groundwork for solutions to 
manned satellite vehicle design. Over New Approach to Vehicle Design 
the past several years, continuous studies 
of the virtues of different satellite recov- 


ery techniques have led to the develop- The heating and the deceleration which must be faced by a hu- 
ment of the drag brake concept. In the “a 
of the concept, the Avco-Everett Research satellite discussions. However, we feel that progress made during 
Laboratory has been aided by several of the ICBM program has allowed us to design a vehicle without 
the other divisions of Avco Corporation, Al 
in er-emphasizing re-entry heating considerations. Also, progress 


in aeromedical research makes it clear that the 8-g decelerations 
which must be faced in a tangential constant-drag re-entry are not 
a serious problem. Consequently, it appears to us that the re- 
entry problem should not dominate the design of the vehicle. 

It seems clear that the earliest manned satellite should be de- 


<i Weight Comparison of Drag Brake 
Detra Kantrowitz and Retrorocket Systems 
Common Items Retrorocket System * Drag Brake 
Basic structure 167 Ib 1. Added structure 133 Ib 1. Zero 
Inhabitable capsule 133 2. Beryllium heat shield 398 2. Zero 
Escape system 695 3. Automatic orientation 3. Low torque 
Environmental equip. 70 systems 137 system 9555 
Pilot support 46 power 66 
Cockpit 17 4. Retrorocket 207 4. Zero 
Navigation aids 41 5. Recovery systems 165 5. Zero 
Communications equip. 212 6. Zero 6. Drag brake 425 
, —— Instruments 45 7. Zero 7. Second stage 
f Ree ; Recording equip. 24 escape 50 
Power supply 157 
Riddell Rose Programmer 
Man and suit 210 
Total 1796 Ib 1106 Ib 500 Ib 
Launch wt 2902 Ib 2297 Ib 
Orbital wt 2207 1527 
Re-entry wt 1914 1399 


* From Avco RAD proposal Dec. 10, 1958 
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signed for flights ranging from one orbit to perhaps 
as long as several days. Its orbit must thus be high 
enough so that the deceleration due to aerodynamic 
drag is less than a critical value, which ranges be- 
tween 10 4 and 10° g. The lowest altitude at which 
these flights can be achieved has the primary advan- 
tage that the aerodynamic forces are large enough 
to be useful in the recovery sequence. 

The earliest manned satellite flights, then, will be 
made at altitudes with small but appreciable air 
density. In our design, this residual atmosphere is 
utilized to achieve satellite orientation and to pro- 
vide the decelerating forces which effect re-entry 
and allow precise control of the landing point. In 
view of the fact that this altitude on the one hand is 


Avco Drag Brake 


the minimum permitting true satellite flight, and on 
the other hand is the maximum allowing utilization 
of the residual atmosphere, it is a natural staging 
point in spaceflight. We have called this region the 
“orbit of decision.” 

There are a number of other problems which must 
be faced in the design of manned satellites. First, 
the high strength required of structures which pro- 
trude from the launch-vehicle envelope involves a 
great weight penalty. On the other hand, large sur- 
face areas are required to produce drag or other 
aerodynamic forces in orbit due to the tenuous up- 
per atmosphere. These requirements dictate fold- 
ing structures. A mechanism for effecting a satisfac- 
tory landing must also be (CONTINUED ON PAGE 90) 
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FROM AvVCO RAD PRUPOSAL, 10 DEC 1956 


HE U.S. National Aeronautics 

and Space Administration is 
developing a national space sci- 
ences program on as broad a basis 
as possible. In the planning and 
programming, advantage is being 
taken of the advice of many spe- 
cialists and experts in the scien- 
tific community. In the conduct 
of satellite and space probe ex- 
periments. broad participation of the scientific commu- 
nity and industry, along with government, is planned, 
and steps are being taken to secure such participation. 
The developing program has captured and increased the 
momentum in space research developed during the In- 
ternational Geophysical Year. 

The present status of the national space sciences pro- 
gram is described in this report. For convenience, the 
subject of research in space has been divided into sev- 
eral broad areas: Atmospheres, Ionospheres, Energetic 
Particles, Electric and Magnetic Fields, Gravitational 
Fields, Astronomy, and Biosciences. For each area, the 
principal scientific objectives are stated, followed by a 


T. Keith Glennan 


The NASA space sciences program 


review of present knowledge and existing problems to 
be solved. Each section closes with a statement of the 
long-range program and the immediate program now 
underway. 

The subdivision used is one of convenience only. 
Actually, the various areas are related in many complex 
ways. Investigations of the various interrelationships 
are a very important part of the search for a better un- 
derstanding of many puzzling phenomena. 

It is recognized that the national space sciences pro- 
gram is subject to continuing review, amplification, and 
modification as work progresses and scientific data and 
results are obtained from currently orbiting space ve- 
hicles. Moreover, desired scientific experiments must 
continuously be matched with the present and future 
capabilities and availabilities of vehicles, supporting 
technology, and facilities. 


ATMOSPHERES 
OBJECTIVES 


To determine and understand the origins, 
evolutions, natures, spatial distributions, and 
dynamical behaviors of the atmospheres of 
the earth, moon, sun, and planets; and their 
relations to the medium of interplanetary 
space. To investigate atmospheric phenom- 
ena associated with interactions between 
photons, energetic particles, fields, and 
matter. To understand the relations be- 
tween the earth’s upper atmosphere and its 
surface meteorology. To evaluate atmos- 
pheric effects on instrumented and manned 
spaceflight. 


PRESENT KNOWLEDGE 
The Earth’s Atmosphere 


The structure, i.e., temperature, pressure, 
and density, of the earth’s upper atmosphere 
is partially known from indirect observations 
and from rocket soundings at New Mexico, 
Fort Churchill, Canada, in the Arctic, and 
on the equator. Up to about 110 km alti- 
tude, density and pressure both fall off by 
roughly a factor of 10 for every 10-mile in- 
crease in height. At higher altitudes, the 
rate of decline in density and pressure is 
markedly slower. Starting from the ground, 
temperature falls steadily with height until 
at about 12 km (in temperature latitudes), 
the temperature reaches a minimum of about 
— 55 C at between 50 and60km. After that 
there is a sharp decline in temperature to 
probably less than —75 C at between 80 and 
85 km height. Throughout the E and F 
regions of the ionosphere, kinetic tempera- 
ture rises to 1000 C or more, and perhaps 
to above 2000 C. The structure parameters 
vary with both time and geographic position. 
Pressure, for example, varies by at least a 
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factor of 2 at 100 km and by a factor of 6 or 
more at 200 km. Indications from rocket 
measurements are that variations by orders 
of magnitude in pressure and density may 
be expected at F-region altitudes and higher. 

The composition of the atmosphere is 
essentially the same from sea level up to the 
E region at 100 km. Small amounts of ozone 
are created by solar ultraviolet radiation, the 
maximum concentration being found at be- 
tween 25 and 30 km in the daytime. In the 
I. region and above, molecular oxygen disso- 
ciates to atomic form. Rocket observations 
at Fort Churchill have shown a marked dif- 
fusive separation of argon relative to nitro- 
gen starting at altitudes between 100 and 120 
km and increasing into the lower F region. 

Rocket wind measurements and indirect 
ground-based observations have indicated 
fast moving winds at all levels of the upper 
atmosphere. Typical speeds are 20 to 50 me- 
ters per second between 30 and 120 km, while 
speeds higher than 100 meters per second 
have been measured. In general, the winds 
are from the West and strong in winter, and 
from the East and weaker in summer. 
Marked wind shears have been observed in 
the E region of the ionosphere. 


The Sun’s Atmosphere 


The sun’s atmosphere may extend with de- 
creasing density throughout the solar system. 
At a distance of about 20 solar radii (nearly 
0.2 Astronomical Units), the atmosphere is 
still observable directly by its blurring ef- 
fects on the radio stars seen through it. 
Near the earth’s orbit, it is estimated that this 
atmosphere contains several hundred protons 
per cubic centimeter and has an electron tem- 
perature of 250,000 K. 


The Moon’s Atmosphere 


The moon lacks any appreciable atmos- 


phere, although a highly rarefied ionosphere 
has been indicated by radio astronomical ob- 
servations. 


Planetary Atmospheres 


Mercury has no observable atmosphere 
and Pluto is too faint for an atmosphere to be 
detected through the terrestrial atmosphere. 
Atmospheres have been observed on each of 
the other planets and on one of Saturn’s sat- 
ellites. 

Venus is covered by an extensive atmos- 
phere in which CO: is the primary constit- 
uent. H.O has not been identified there 
although it may be present below the opaque 
cloud cover which envelops the entire planet. 
The temperature of the top of the cloud layer 
has been measured with a thermopile as about 
0 C. Radio astronomy measurements indi- 
cate a temperature of nearly 300 C lower in 
the atmosphere. 

The Martian atmosphere is tenuous com- 
pared to the earth’s, but HO and dust clouds 
have been observed there. The surface 
pressure has been estimated at approximately 
8 per cent of the earth’s sea level atmospheric 
pressure. 

The atmospheres of the major plants (Ju- 
piter, Saturn, Uranus, and Neptune) contain 
large amounts of He and, presumably, He. 
Their spectra are dominated by bands of CH 
and NH;. The atmospheres of Jupiter and 
Saturn have a marked banded structure and 
exhibit differential rotation as does the solar 
photosphere. In addition, Jupiter shows 
such puzzling features as the famous red spot, 
white spots, and lightning-like radio emis- 
sions. 


EXISTING PROBLEMS 
The Earth’s Atmosphere 


Major problems connected with the earth’s 
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atmosphere are exemplified by the following 
questions, the answers to which are only par- 
tially known or quite unknown. 

1. What are the primary sources of energy 
affecting the high atmosphere, and at what 
altitude levels are these energies deposited in 
the atmosphere? 

2. What is the average structure of the 
atmosphere above 80 km over the entire 
globe, and what are the variations in the 
structure parameter with respect to season, 
time of day, geographic location, and solar ac- 
tivity? 

3. What is the detailed composition of 
the atmosphere above 100 km? At what al- 
titude, if any, do the light gases H, He, and 
He predominate over O, No, and N? 

4. What are the detailed dynamics of the 
high atmosphere, including the general cir- 
culation? 

5. What is the relation of the Great 
Radiation Belt to the heating of the upper at- 
mosphere, and what other sources and sinks 
of energy are there? 

6. What is the energy budget of the low 
atmosphere and its relation to cloud cover 
and weather systems? 

7. What are the relations between the 
earth’s surface meteorology, its upper at- 
mosphere, and solar activity? 

8. What is the origin and history of the 
earth’s atmosphere? 


The Sun’s Atmosphere 


1. What is the composition of the solar 
atmosphere, particularly at planetary dis- 
tances? 

2. What are the density and temperature 
of the sun’s atmosphere as a function of dis- 
tance from the sun? 

3. How does the sun’s atmosphere inter- 
act with those of the earth and the other 
planets? 


The Moon’s Atmosphere 


1. Does the moon have a trace at- 
mosphere and, if so, what is its composition? 

2. If the moon does have a trace at- 
mosphere what are its origins, dynamics, and 
entrapment near the moon’s surface? 


Planetary Atmospheres 


1. What are the major constituents of the 
planetary atmospheres? 

2. What are the surface pressures and 
densitites? 

3. What is the altitude variation of their 
atmospheric structures? 

4. What are the atmospheric components 
that might support earth-type life? 

5. Do their atmospheres contain oxidiz- 
ers available forcombustion? 

6. Does Venus’s atmosphere 
H,0? 

7. Of what does the cloud cover of Venus 
consist? 
8. What causes the apparent changes in 
transparency of the Martian atmosphere, the 
so-called “blue clearing?” 

9. What is the nature and cause of the 
famous red spot on Jupiter? 

10. What is the nature and origin of the 
rings about Saturn? 

11. What are the important dynamic fea- 
tures of these atmospheres? 

12. Does Pluto have an atmosphere? 


PROGRAM 


contain 


Long-Range 


Long-range plans for achieving the above 
objectives include: (1) Instrumented satellite 
stations around other planets; (2) rocket 
probes deep into the atmospheres of other 
planets including soft landings onto the sur- 
face with automatic and eventually manned 
recording stations; (3) probes deep into the 
solar atmosphere; (4) special probes for 


measuring the density and nature of gas and 


dust particles in interplanetary space and 
within comets; and (5) extensive theoretical 
studies to understand the basic natural phe- 
nomena taking place within the atmospheres. 


Immediate 


Short-range plans include extensive and in- 
tensive studies of the structure and composi- 
tion of the earth’s atmosphere from 80 km to 
several hundred kilometers by direct meas- 
urements with sounding rockets and with 
satellites. Diurnal, latitudinal, and temporal 

variations in these parameters will be deter- 
mined and will be correlated with the energy 
and momentum balances in the earth’s upper 
atmosphere. Models of the earth’s atmos- 
phere will be formulated for (1) providing 
basic data needed in understanding iono- 
spheric, auroral, and other phenomena; (2) 
providing guidance in the study of the atmos- 
pheres of other planets; and (3) providing 
essential information in the engineering de- 
sign of the man-in-space launching, guidance, 
and recovery systems. 

Short-range plans for studies up to 80 km 
include a large number of synoptic rocket 
flights and several cloud cover satellites to 
establish the relationships between surface 
meteorology and the structure and dynamics 
of the upper atmosphere. These data are 
vitally needed to improve weather forecasts 
and to eventually permit control of certain 
aspects of the weather. 

Immediate steps in the atmospheres re- 
search program are: (1) Initiation of exten- 
sive instrumentation and systems develop- 
ment contracts for measuring atmospheric 
structure and composition as gas densities of 
from 1 to 10 ~'3 atmospheres; (2) adaptation of 
currently available atmospheric structure in- 
struments for an unmanned earth satellite; 
(3) continuation and improvement of IGY 
rocket soundings to determine the vital fae- 
tors in the large variations noted in the IGY 
atmospheric structure flights; (4) the de- 
velopment of an inexpensive synoptic meteor- 
ological rocket system to permit rapid collee- 
tion and analysis of data up to 80 km; (5) 
rocket test flights for proposed satellite in- 
strumentation systems; (6) launching of the 
remaining Vanguard meteorological satellite 
to study radiation balance in the earth’s at- 
mosphere; (7) completion of the test phases 
and flight phase of the ABMA radiation bal- 
ance satellite; and (8) the launching of a 12-f 
inflatable sphere to obtain satellite drag data 
from which atmospheric densities can be com- 
puted. 


IONOSPHERES 
OBJECTIVES 


To determine and understand the sources, 
natures, spatial distributions, and dynamical 
behaviors of the ionized regions of the solar 
system, including the ionospheres of the earth, 
moon, and planets. To investigate iono- 
spheric phenomena resulting from interac- 
tions between photons, particles, ions, and 
magnetic, electrostatic, and electromagnetic 
fields. To understand relations between 
solar activity and the terrestrial and other 
planetary ionospheres, magnetic fields, and 
upper atmospheric current systems. To 
evaluate ionospheric efforts on instrumented 
and manned spaceflight, including communi- 
cations. 


PRESENT KNOWLEDGE 


The terrestrial ionosphere which extends 
from an altitude of 60 km into interplanetary 
space is formed by the ionization of neutral 
particles, primarily by radiation emitted from 
thesun. The density of ionization is not uni- 
form. The altitude regions of maximum ion 
density during daytime are designated D, I, 
Fi. and Fy. Additional sporadic ionization 
can occur at various levels, particularly in the 
Ef region. Normal D-region ionization ex- 


tends roughly from 60 to 85 km, with maxi- 
mum values no greater than a few thousand 
electrons per cubic centimeter. Average 
altitudes at which maximum densitites in the 
EK, Fi, and F2 regions occur are 105, 150, and 
300 km, corresponding to concentration of 
1.5, 2.5, and 20 x 10° el/em*. These values 
are for a summer day at New Mexico during 
the period of maximum solar activity. Gradi- 
ents in the lower E and F; regions are roughly 
104 el/em’ per km. Very recent results in- 
dicate that the concentration above the Fs 
region experiences a very gradual decrease to 
a value of 103 el/cm3 at a height of 10,000 km. 

At night, the density of ionization in the D, 
I, and F; regions decreases by at least an or- 
der of magnitude. The concentration de- 
creases by less than this factor in the F» re- 
gion, with the result that the night-time iono- 
sphere shows a single F region predominant, 
with comparatively little ionization below 170 
km. 

The E-region altitude is relatively insensi- 
tive to latitude. However, the F-region 
height is greatest over the equator and de- 
creases by 100 km at temperate latitudes. 
Ionospheric irregularities are strongly depend- 
ent on geomagnetic latitude, with extremely 
irregular conditions occurring in the auroral 
zones. The electron density varies strongly 
with the solar sun spot eyele, by as much as 
one order of magnitude in the F, region. The 
major ionized constituents of the E and F re- 
gions are nitric oxide and atomic oxygen, re- 
spectively. 

The ionosphere makes possible communica- 
tion over large distances by reflection of fre- 
quencies below the critical frequency. Typi- 
cal values of these critical frequencies are 3 to 
4 me for the E region and 5 to 15 me for the F 
region. It should be emphasized that since 
ionospheric structure is dependent upon di- 
urnal, seasonal, latitude, and solar effects, so 
are its propagation characteristics. In the 
lower ionosphere, such phenomena as photo- 
emission, diffusion, and the rectifying action 
by antennas result in charging space vehicles 
with potentials up to 20 volts. 

Very little is known about the ionospheres 
of other planets. There are indications of 
thunderstorms on Jupiter and possibly Sat- 
urn, and of auroras on Venus. 


EXISTING PROBLEMS 


Although ionospheric structure is being 
studied by vertical incidence radio sounding 
from surface stations, this method gives re- 
sults only up to the F-region maximum and 
provides only integrated effects. Past ex- 
perience has shown that rocket and satellite 
measurements of electron density versus ac- 
tual height are needed to interpret the surface 
ionosphere sounding records correctly, and 
thereby permit their use on a practical synop- 
tic basis. 

Since rocket measurements have not been 
made in sufficient number above the F2 re- 
gion and since they have intercepted only an 
extremely small portion of the ionosphere for 
small time intervals, the most important un- 
knowns are the details of ionospheric struc- 
ture, particularly above the Fy, region, as a 
function of time, season, latitude, and solar 
and cosmic activity. Collision frequencies 
and the ionic composition (particularly at low 
mass numbers) require special investigation. 

Present knowledge of ionospheric propaga- 
tion characteristics requires extension. 
Needed are explanations for anomalous fad- 
ing effects; polar diagrams of upcoming and 
downcoming waves and waves along the mag- 
netoionic ducts; experimental verification 
of the theories of whistler and Z-mode prop- 
agation; the frequencies at which heavy 
ions influence propagation (hydromagnetic 
waves); and investigation of the probable 
existence of very low frequency windows use- 
ful for interplanetary communications. Defi- 
nition of ionospheric structure and propaga- 
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tion characteristics is important to such prob- 
lems as the calculation of tracking errors in 
AICBM radars and the choice of communica- 
tions frequencies. 

The interaction between charged particles 
in the ionosphere with space vehicles is one of 
the least understood phenoniena of space- 
flight. Measurements of vehicle charge, par- 
ticularly in the Great Radiation Belt and in 
regions where photoemission effects can be- 
come serious (exosphere), are needed to com- 
pute possible electrical drag and missile tra- 
jectory errors. 

Propagation characteristics of the exo- 
sphere, and the intensity and nature of cosmic 
noise, need investigation, particularly in the 
frequency range which is most affected by the 
ionosphere. These data are important to 
radio astronomy observations from space ve- 
hicles. 

Since so little is known about other plane- 
tary ionospheres, discovery and survey type 
investigations of them are needed first. Then 
their structure and propagation characteris- 
tics also will need to be studied. 

PROGRAM 
Long-Range 

The long-range program will exploit cur- 
rent techniques for determining the terrestrial 
ionospheric structure, its propagation char- 
acteristics, and its influence on spaceflight, 
by observation from below, within, and 
above. New techniques for evaluating the 
least known parameters will be developed. 
All of the applicable methods will then be 
used for the study of other planetary iono- 
spheres. Eventually, propagation sounding 
stations may be established on the surface of 
the moon. All the data will then be applied 
to understand the interrelations between solar 
activity, magnetic fields, the aurora, the 
Great Radiation Belt, and other phenomena. 


Immediate 

The immediate program is concerned with 
obtaining electron density profiles at altitudes 
above the F2 layer by propagation experi- 
ments in sounding rockets. Then, latitude 
and temporal variations of this parameter will 
be obtained by use of a satellite beacon. 
Topside sounders in satellites will be used for 
synoptic studies of electron density in the 
outer ionosphere. This technique promises 
lesser ambiguity than that obtainable from 
satellite beacons. Present knowledge of 
electromagnetic propagation will be extended 
by the inclusion of very low frequency re- 
ceivers in polar-orbiting satellites and space 
probes. Ion spectrum studies will be ex- 
tended to lower mass numbers and higher al- 
titudes by the inclusion of r.f. mass spec- 
trometers in space probes and satellites. 
Direct’ measurements using devices such as 
antenna probes, ion probes, and electric field 
meters will be made in rockets and satellites, 
to better define ionospheric structure and to 
study the interaction between the ionosphere 
and space vehicles. 


ENERGETIC PARTICLES 
OBJECTIVES 


To determine and understand the origins, 
natures, motions, spatial distributions, and 
temporal variations of particles having ener- 
gies appreciably greater than thermal. To 
understand interactions between such parti- 
cles, fields, photons, and matter. To evaluate 
possible hazards to life and other effects of 
energetic particles and photons on instru- 
mented and manned space exploration. 


PRESENT KNOWLEDGE 

Cosmic rays are an important constituent 
of the energetic charged particles which are 
known to be present in space. It is now cer- 
tain that cosmic rays consist primarily of high 
energy hydrogen nuclei, plus a small percent- 
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age of energetic nuclei of heavier atoms. The 
heavier cosmic rays are largely energetic he- 
lium nuclei but include masses up to that of 
iron. It has been determined that the cosmic 
ray energies cover at least the range from a 
few billion to a billion billion electron volts. 
Over this energy range the spectrum is such 
that the cosmic ray intensity falls rapidly 
with increasing energy. Because of this 
spread of individual particle energies, and be- 
cause of the magnetic field of the earth, fewer 
cosmic rays strike the earth’s upper atmos- 
phere at the equator than at higher latitudes. 

On striking the atmosphere, the cosmic 
rays produce many secondary particles in- 
cluding electrons, many types of mesons, and 
fragments of atomic nuclei. Most of these 
secondaries are absorbed by the atmosphere, 
but a few reach the earth and some scatter 
back out of the atmosphere. The intensity of 
these secondary particles just above the at- 
mosphere is comparable with the cosmic ray 
intensity but decreases as the distance above 
the atmosphere increases. The cosmic ray 
intensity is not a constant but varies with the 
sunspot cycle and with magnetic storms and 
solar flares. 

Another group of energetic particles in 
space comprises the particles which produce 
auroras. These particle streams contain 
electrons having energies over at least the 
range from a few hundred to a few thousand 
electron volts. Also present are hydrogen 
nuclei having energies over about the same 
range as the electrons. On striking the at- 
mosphere, these particles ionize and excite 
the air atoms, producing the light we see as 
auroras. 

A third class of energetic particles known to 
exist in space comprises the Great Radiation 
Belt. These particles are in a belt surround- 
ing the earth at latitudes less than 70 deg and 
at altitudes between about 600 and 30,000 
miles. The intensity of the radiation in the 
belt is thousands of times that of the cosmic 
rays. It seems clear that the radiation belt is 
the immediate source of the auroral particles. 


EXISTING PROBLEMS 


Among cosmic ray problems, important, 
phenomena to investigate are: The sources 
of the primary cosmic rays; the processes by 
which the particles obtain their high ener- 
gies; their distribution in space; their varia- 
tions in intensity and composition with time; 
their energy spectrum, particularly at lower 
energies; their interrelations with the auroral 
and radiation belt particles; their effects on 
both animate and inanimate objects; and 
their detailed composition, including the pos- 
sible presence of anti-matter. 

In the field of auroral particles, the follow- 
ing are unknown: The origin and acceleration 
mechanisms of these particles; their presence 
or absence in space and near other planets; 
their rapid variations in intensity and spatial 
distribution; their detailed composition; and 
their relations with cosmic rays, radiation belt 
particles, magnetic fields, the sun, the iono- 
sphere, and with upper-atmosphere processes. 

Among the unknowns associated with the 
Great. Radiation Belt particles are: The 
composition and energy of the particles; their 
origins; the lifetime of the particles; their 
spatial extent; their possible variations in 
composition and intensity; their effects on 
animate and inanimate objects; and their 
relations to cosmic rays, auroral particles, 
magnetic fields, the sun, and upper-atmos- 
phere processes. 


PROGRAM 
Long-Range 


In situ measurements using deep-space 
probes will be made from the close proximity 
of the sun to the limits of the solar system. 
Iixtensive measurements in the vicinity of 
the planets, especially the earth, will be made 
to determine the interaction of the energetic 


particles with the atmospheres and fields of 
these bodies. |. These measurements will re- 
quire satellite orbits around the earth, the 
moon, and other planets. The establishment 
of an observatory on the surface of the moon 
or on some other planet might be necessary, 
depending on the data previously acquired by 
artificial satellites. 


Immediate 


In the near future, the measurements of 
energetic particles will be pursued with satel- 
lites and rockets in the vicinity of the earth 
and with interplanetary probes. These meas- 
urements will be aimed at determining the 
interactions of these particles with the earth’s 
atmosphere and field, their interactions with 
interplanetary fields; the types and energies 
of these particles; their spatial distribution: 
and the origin of the energetic particles. 

The immediate program includes specifi- 
sally measurements of the cosmic ray intensity 
in interplanetary space; of time and latitude 
cosmic ray intensity variations; of the com- 
position and spatial extent of the Great Ra- 
diation Belt; of the cosmic ray energy and 
charge spectrum; and of the nature of the 
particles producing auroras. 


ELECTRIC AND MAGNETIC 
FIELDS 


OBJECTIVES 


To determine and understand the origins, 
natures, methods of propagation, spatial dis- 
tributions, and temporal variations of mag- 
netic and electric fields throughout the uni- 
verse. To understand interactions between 
these fields and matter in space, and the in- 
fluence of existing fields on solar and planetary 
atmospheres. To use these fields in the inves- 
tigation of the internal constitution of astro- 
nomical bodies. To evaluate their effects 
and interactions on instrumented — and 
manned space exploration. 


PRESENT KNOWLEDGE 


The earth’s main magnetie field is approxi- 
mately that of a dipole located at the earth's 
center but tilted at an angle of 11 deg with 
respect to the earth’s axis. Thestrength, ori- 
entation, and uniformity of the main field 
varies slowly with time. This is called 
secular variation. The field at the earth’s 
surface is also geographically irregular due to 
differences in the geology of the earth’s crust. 
These irregularities are called anomalies. 
On a time scale of months, rather than years, 
the above features appear constant at a given 
location. However, using a time scale of 
days, hours, or minutes, a sensitive instru- 
ment shows that the field is practically never 
constant at any location on the earth’s sur- 
face. These variations are usually classified 
as: diurnal—the variations that occur in 24 
hour cycles and appear similar from day to 
day; magnetic disturbance—large variations 
that are not a daily event in which the field 
changes are often highly irregular for periods 
of several or more hours over either small or 
large areas of the earth’s surface; magnetic 
storms—large variations which occur more or 
less simultaneously over the entire surface of 
the earth; sudden commencements or im- 
pulses—abrupt changes in the magnetic field 
which sometimes precede magnetic storms; 
pulsations—sinusoidal oscillations of the mag- 
netic field with wave periods of fractions of a 
second to five minutes which frequently per- 
sist for one or more hours and sometimes a> 
long as half a day. 

The magnitude and frequency of occur- 
rence of these variations is a function of geo- 
magnetic latitude. The largest diurnal var- 
iation is observed at the magnetic equator. 
The largest disturbance and storm variations 
occur in the auroral zones in association with 
visible auroras. Sudden commencements 
and impulses tend to be worldwide. — Pulsa- 
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tions are most prominent in high latitudes 
and reach their greatest magnitude in the au- 
roral zones. 

From the study of surface measurements 
and from theory, it is believed that these var- 
jations are caused primarily by electric cur- 
rents in and above the ionosphere. The cur- 
rents are attributed to the dynamo action of 
tides and winds in the ionized gas and to the 
influx of particles from the sun. Recent 
thinking on hydromagnetic phenomena has 
led some theorists to believe that interactions 
hetween the outer portions of the earth’s field 
and the motion of solar gas clouds also eon- 
tribute to the variations. It has not, how- 
ever, been possible to prove any theory or es- 
tablish an understanding of the phenomena 
wlely from surface measurements. Here lies 
the importance of direct measurements from 
space vehicles. 

Sensitive magnetometers have been suc- 
cessfully flown into and through the I. region. 
These flights demonstrated the existence of 
electric currents in the lower ionosphere at 
the magnetic equator and in the auroral 
zones, and showed the expected decrease in 
field intensity with altitude. More than any- 
thing else, they showed the need for more 
measurements. 

The magnetic fields of the sun and other 
stars have been studied intensively, but it 
cannot be said that there is concrete knowl- 
edge of their strength and form. Indirect 
measurements and theories permit a wide 
range of possibilities. Galactic field intensi- 
ties have been estimated from theoretical con- 
siderations and the study of light polariza- 
tion. Values between LO~% and gauss 
have resulted. Theoretical studies of plane- 
tary fields, other than the earth’s, apparently 
do not exist, and methods of indirect measure- 
ment have not been found. 

An electric field exists between the earth 
and its ionosphere, corresponding to an av- 
erage potential difference of 290,000 volts. 
There is no direct knowledge of the existence 
of magnitude of electric fields outside the 
ionosphere. Theories of the origins and ac- 
celerations of auroral particles and cosmic 
rays allow a wide range of possibilities for in- 
terplanetary electric field values. 


EXISTING PROBLEMS 


The unknowns of most urgent interest are 
usually those which are most apparent. The 
most apparent unknowns in magnetic field 
phenomena are the sources of field variations 
and the relationships between these varia- 
tions and other solar-terrestrial phenomena. 
It is known that some variation is due to iono- 
spheric currents, but the existence, location, 
and strength of possible electric currents 
above the ionosphere is not known, even 
though their existence appears probable. 
Strictly speaking, the cause of ionospheric 
currents is not known and even less is known 
about probable causes for currents above the 
ionosphere. 

The form of the earth’s main field is at least 
approximately known close to the earth, but 
at distances of 5 to 15 earth radii, where the 
field is most effective in guiding solar par- 
ticles, radical departures from prediction can 
be expected. The field may expand and con- 
tract in response to motions of solar and inter- 
planetary gas clouds. These distortions may 
in turn propagate as hydromagnetic waves 
down to the ionosphere and even to the 
earth’s surface. The possibilities can only be 
considered speculative until field measure- 
ments are made in the outer reaches of the 
earth's field. 

At some distance, the earth’s field will 
blend with interplanetary and/or interstellar 
fields. Estimates of interplanetary fields 
range from 107 %to gauss. The strength 
and orientation of these fields is especially 
important to the understanding of how solar 
particles reach the earth. 

Theories concerning magnetic fields on 


other planets are practically nonexistent. 
One reason for this scientific void is probably 
the lack of understanding of why the earth has 
amagnetic field. It is generally thought that 
the earth’s main field is due to dynamo cur- 
rents in the liquid core, but the form and 
cause of these currents is still an open ques- 
tion which may be related to the initial for- 
mation of the earth. This lack of under- 
standing is, however, one of the principal rea- 
sons for obtaining measurements of the fields 
of other planets which formed under different 
conditions and have a different composition. 
Similar thoughts suggest that knowledge of 
the moon’s magnetic field would be a major 
step toward determining how it formed as an 
earth satellite. 

Direct measurements of the electric fields 
exterior to the earth’s ionosphere and in in- 
terplanetary space are important to the even- 
tual understanding of how cosmic rays and 
auroral particles are secelerated and from 
whence they come. 


PROGRAM 
Long-Range 


Results from satellites, probes, and rockets 
to be flown in 1959 will be an important, fac- 
tor in determining the long-range program for 
studying the earth’s fields. One can, how- 
ever, anticipate that an important item will 
be establishing an earth satellite observatory 
which will include instruments for measuring 
particle flux and solar radiations as well as 
magnetic and electric field instruments such 
that direct correlations can be made between 
the various phenomena. Also, rocket sound- 
ings into the ionosphere will continue to be 
used to study details of ionospheric currents 
more thoroughly. 

The fields of the moon, Mars, and Venus 
will first be measured from probes making 
close approaches, and eventually from pack- 
ages landing and serving as observatories. 

Probes will be shot at the sun to obtain so- 
lar field measurements as close to the sun as 
feasible. 

In all measurements except the rocket 
soundings, the experimental intent will be to 
obtain both the absolute magnitude and the 
direction of the magnetic field measured. It 
will be more difficult to separate the ambient 
electric field from that due to an electric 
charge on the spacecraft. 

Theoretical analyses and correlations be- 
tween electric and magnetic field phenomena 
and other phenomena will be an integral part 
of the program. 


Immediate 


The short-range magnetic field program in- 

cludes: (1) A number of small sounding rock- 
ets with proton magnetometers for studying 
ionospheric currents; (2) Two sounding rock- 
ets primarily for flight testing of newly de- 
veloped Rubidium vapor magnetometers and 
information on radiation belt currents; and 
(3) A space probe to the moon with a Rb- 
vapor magnetometer for measuring electric 
eurrents and the form of the earth’s field at 
great distances, interplanetary fields, and the 
moon's magnetic field. 

The program also includes instrument de- 
velopment—the most significant being the 
development of Rubidium vapor magnetom- 
eters by Varian Associates. It is also antici- 
pated that simpler magnetometers which can 
detect only the existence of a perceptible field 
will be placed in several rockets and space 
vehicles as secondary experiments. 


GRAVITATIONAL FIELDS 
OBJECTIVES 


To determine and understand the origins, 
natures, methods of propagation, spatial dis- 
tributions, temporal variations, and effects of 
gravitational fields throughout the universe. 


To determine and understand the external 
form and internal constitution of the earth, 
planets, and stars. To determine and un- 
derstand the relations between gravitational 
and electromagnetic fields. To evaluate ef- 
fects of gravitational fields or different mag- 
nitudes, including weightlessness, on instru- 
mented and manned space exploration. 


PRESENT KNOWLEDGE 


At the present time, the best theory of the 
nature of gravitation is Einstein’s general 
theory of relativity, which asserts that the 
force which we recognize as gravity results 
from a distortion of space-time. An essential 
part of this theory is the idea that mass as de- 
termined by gravitation will be found to be 
proportionate to mass as determined by iner- 
tia. Other theories have been proposed, es- 
pecially by George D. Birkhoff. 

There are three tests of the general theory 
of relativity. The first of these is the motion 
of the perihelion of Mercury, which amounts 
to 43 seconds of are per year, agreeing quan- 
titatively with Einstein’s prediction. The 
second is the bending of light in the sun’s 
gravitational field. It has been measured 
humerous times, and the results have gener- 
ally been found to agree with Einstein’s pre- 
dictions, but in view of the smallness of the ef- 
fect (only 1.75 seconds of are), there is still 
room for reasonable doubt about the confir- 
mation. 

The third effect is the shift of light toward 
red wavelengths in a strong gravitational 
field. This is doubtfully observed in the sun. 
where it is confused by mass motions of gases. 
A red-shift is observed in some white-dwart 
stars, but even there it cannot be unequivo- 
cally said that this is not an effeet of mass mo- 
tion. 

It is further believed that the force of grav- 
ity is proportional to the density of matter in 
the universe. Since the universe is expand 
ing, this means that changes of the order of 
one part in 10 billion per year ought to exist 
in the force of gravitation. 

With respect to the gravitational field ot 
the earth, this problem would be fully solved 
if we knew all the harmonies into which the 
field can be subdivided. There is one zero 
harmonie which amounts to the product of 
the gravitational constant by the mass of the 
earth, and which has at the present time, the 
value of 3.9868 with an uncertainty amount- 
ing to one part in 100,000. There are three 
possible first harmonies which arise from the 
displacement of the center of the earth from 
the center of our present coordinate system. 
This displacement is believed to amount, at 
the present time, to no more than 100 meters. 
There are five second degree harmonics, of 
which one harmonie of zero order is inti- 
mately related to the flattening of the earth 
and has been measured with great precision 
from the motion of the node of 1958 Beta 2 
(Vanguard I). Coefficients so obtained cor- 
respond to a flattening of 1/298.3. Two of 
the remaining four are necessarily zero, and 
the remaining two have been doubtfully eval- 
uated with an amplitude of about 4 mgals. 

Of the seven third-degree harmonics, the 
zonal harmonie of zero order very recently 
has been measured, and appears to have a 
value of 5.6 mgals at the surface of the earth 
The other six have been estimated crudely 
from gravity data. An estimate of 5 mgals 
has been made for the fourth zonal harmonic. 
It is known that the size of these harmonics 
is proportional to the stresses at the interior 
of the earth roughly at the rate of 1 mgal to LO 
kg per square centimeter. 

In the case of Mars, the zero harmonic (the 
mass) is 0.1076 that of the earth. Nothing 
is known with respect to first harmonies. 
The second harmonic is determined from the 
flattening which is found to be 1/192 from the 
satellite motions, and 1/77 from visual obser- 

vation. Masses and flattenings for Jupiter, 
Saturn, Uranus, and Neptune are available 
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in the same way, but no higher harmonics are 
known for any of these planets. 

The sun’s mass is accurately determined by 
the motions of the planets. Nothing is 
known about any other higher harmonics. 

Measurements of various double stars yield 
masses which are found to fall into the range 
from a tenth of the sun’s mass to 50 times the 
solar mass. The flattening, which ranges 
from zero up to the limit of instability, is 
known for a few eclipsing binary stars. 

The gravitational field of the galaxy as a 
whole has been deduced from the rate of galac- 
tic rotation. It is found to be equivalent to 
several hundred billion solar masses. The 
gradient of the galactic field which measures 
the flattening of the galaxy has also been de- 
termined from the gradient of galactic rota- 
tion near the sun. 

The nature of the intergalactic gravitional 
field is at’ present completely unknown. It is 
not even certain that a repulsion does not ex- 
ist at sufficiently great distances. 


EXISTING PROBLEMS 


With respect to the fundamental nature of 
gravitation, the principal problem is to find 
some peculiarity of the law which would serve 
to control the formulation of satisfactory the- 
ories. Such a pecularity might consist, for 
example, in a small deviation from strict 
equality of gravitational and inertial mass, or 
in a velocity of propagation, or in something 
in the nature of a shielding such as is observed 
with magnetism. Any one of these effects 
would give us a clue to the best direction to 
look for a more fundamental understanding. 

Within the framework of the Newtonian 
Law, the classic problem is that of the long- 
time stability of a system such as the solar 
system. The problem may be formulated 
in this way: As we think of time of the order 
of 10° years, do the orbital planes of the plan- 
ets tend to approach one another? Do the 
eccentricities tend to decrease? If so, then 
of course, we understand the architecture of 
our present solar system; if not, then we have 
an important clue which can some day be 
used to discover how it was initially formed. 
The problem of the stability of the solar sys- 
tem has engaged some of the best mathe- 
maticians since the days of Lagrange and 
Laplace, who found that stability could be 
guaranteed for times of the order of 108 years. 

With respect to the gravitational fields of 
the planets, one problem is that of the pres- 
ence of iron cores in the planets. At the 
present time, the large density (approximately 
5) found for Mercury indicates a large iron 
core. It is hard to put this in an orderly rela- 
tion with the density of Mars (about 3.9) and 
the moon (about 3.3). In particular, if cor- 
rect, this density means that the iron core 
found in some planets cannot represent a pres- 
sure modification of ordinary silicate rock. A 
second test of the pressure modification idea 
is furnished by the density of Venus, which is 
just at the critical level. In both cases, it 
appears possible that further observational 
data would reverse the conclusions which 
have been drawn. 

The gravitational field of the earth is 
closely related to a series of interesting prob- 
lems. In the first place, the zero harmonic is 
essential for the study of space trajectories. 
Next, the internal constitution of the earth 
manifests itself through variations in the 
higher harmonics. In particular, a state of 
hydrostatic equilibrium in the interior of the 
earth demands the value of 1/297.3 for the 
flattening of the earth. The discrepancy be- 
tween this and the observed value of 1/298.3 
is a major problem in the structure of the 
earth. If the discrepancy is due to mechani- 
cal strength in the interior, then it may be re- 
lated to the observed large values of some of 
the higher harmonics. 

At the present time, two independent and 
contradictory theories have been offered for 
the inner structure of the earth and for the 
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formation of mountain ranges. The first of 
these, which we might call the plastic theory, 
envisions a viscous interior in which slow con- 
vection currents of a few centimeters per year 
exist, and mountain ranges, such as those 
around the Pacific, are formed as the result of 
drag on the underside of the continents. The 
other theory, which we may call a crystalline 
theory, considers that the earth is slowly con- 
tracting as it cools, and attributes the forma- 
tion of mountains to crumpling. At the sur- 
face of the earth, the problem of verifying or 
disproving the ‘‘basic hypothesis of geodesy,”’ 
namely that the product of gravity anomalies 
in milligals times areas in square kilometers, 
does not exceed 30 for any extensive patches, 
is one of most important that can be set up. 


PROGRAM 
Long-Range 


For the study of the fundamental nature of 
the gravitational field, two avenues are 
opened by our ability to launch satellites and 
space probes. The first of these is the ability 
to try experiments on a scale of hundreds and 
thousands of kilometers by probing the fields 
of planetary masses with bodies capable of 
being accurately observed. This is signifi- 
eant, because gravitational fields, except that 
of the earth, are almost unmeasurable in lab- 
oratory-scale experiments. In the second 
place, the periods of artificial satellites are so 
much shorter than those of the moon and 
other natural satellites that we can observe in 
a few years a number of revolutions corre- 
sponding to thousands of years for natural 
satellites. By the first avenue, we hope to 
find the links which must exist. between the 
theory of the electromagnetic field and the 
gravitational field. It is planned in particu- 
lar to test the equality of gravitational and in- 
ertial masses by experiments in space on a 
colossal scale, which are a repetition of the ex- 
periment of Galileo in the Leaning Tower of 
Pisa. An attempt will be made to devise ex- 
periments which will reveal the velocity of 
propagation of graviation, if any. 

It is planned to determine the masses of 
the inner planets by direct) observation of 
probes passing near them or possibly around 
them. These probes will at the same time 
help to determine the value of the astronomi- 
eal unit, the fundamental meter stick of the 
solar system. 

It is planned to test the hypothesis that 
gravitational attraction depends on the av- 
erage density of matter in the universe, and 
that it therefore is slowly weakening as the 
universe expands. For this purpose, an 
atomic clock on the ground can be compared 
with a gravitational clock of some kind. A 
proposal for a gravitational clock, consisting, 
in effect, of a high satellite with a very well 
measured orbit, is being studied. 

It is planned to employ moon probes to ob- 
tain improved values for the over-all mass of 
the moon and for the moments of inertia 
about its three principal axes. A determina- 
tion of the strength of the materials in the 
moon’s interior will be attempted from this 
information. 

It is planned to measure the mass of Venus 
and of Mercury in order to test Bullen’s idea 
about the nature of the cores of the planets. 

Using the second avenue, it is planned to 
observe the motions of close satellites of the 
earth over a long period and to make a pre- 
cise comparison with theory, searching for 
systematic trends in the inclination and the 
eccentricity, which might shed light on the 
history of the solar system. 


Immediate 


Studies are now being made on existing 
satellites with the object of determining the 
low harmonies of the earth’s field from track- 
ing data. 

Preparations are being made for equipment 
for a special geodetic satellite which will be 


refining the observations on the harmonics, 
and of determining intercontinental distances 
with high precision. It will clearly be possi. 
ble to carry the study of the form of the geoid 
much further than has been possible to date. 

The information developed in the above 
studies will be applied to the question of the 
basic hypothesis of geodesy. This hypothe 
sis, as formulated by some theorists, is in es- 
sence that the low harmonics of the earth's 
gravitational field have amplitudes of a meter 
or so. The hypothesis is not universally ac- 
cepted. Other theorists consider that the 
amplitudes are of the order of scores of meters, 
A decision between these two hypotheses js 
important because Heiskanen, in particular, 
proposes extensive work based on Stokes’ the- 
orem—work which is only warranted if the 
basic hypothesis is satisfied. This informa- 
tion will also be used in an attempt to eyal- 
uate hypotheses of convection in the mantel, 
These hypotheses seem to go with the ideas 
of the first-mentioned school of theorists, 
and it may be possible to decide between 
these hypotheses and the alternative contrac- 
tion hypotheses on the basis of our informa- 
tion. 

It is also planned to put in orbit a satellite 
carrying a very precise clock in order to test a 
theory of Einstein which predicts a change in 
the clock’s speed with a change in the 
strength of the earth’s gravitational potential. 
If successful, this would constitute a new 
test of the general theory of relativity, and so 
improve our understanding of the nature of 
the earth’s gravitational field. 


ASTRONOMY 
OBJECTIVES 


To determine the spatial distributions of 
matter and energy over the entire universe, 
and to understand their cosmological origins, 
evolutions, and destinies. To observe from 
above the earth’s atmosphere the spectral 
distributions of energy radiated from objects 
in the solar system, in this and other galaxies, 
and in the intervening space, with emphasis 
on observations that are prevented or com- 
promised by the absorption, background 
emission, and refraction of the earth’s at- 
mosphere. To determine and understand the 
structure and the surface features of the 
planets. To determine the effects of me- 
teors, radiations, and other astronomical in- 
fluences on instrumented and manned space 
exploration. 


PRESENT KNOWLEDGE 


The field of astronomy may be broadly di- 
vided into five categories: (1) The solar sys- 
tem; (2) the stars; (3) interstellar matter; 
(4) the characteristics of stellar aggregates, 
such as clusters and galaxies; and (5) the his- 
tory and evolution of the universe and its var- 
ious Components. 


The Solar System 


The dark bodies orbiting around the sun 
may be classified as planets, satellites, minor 
planets or asteroids, and comets. The nine 
planets, including the earth, differ primarily 
in size and in temperature. The smallest 
ones, such as Mercury, have too little gravi- 
tation to retain any atmosphere, while the 
larger planets, such as Jupiter and Saturn, 
have extremely dense atmospheres. Those 
planets closest to the sun have of course, 
quite high temperatures, whereas the most 
distant planets are very cold. With respect 
to the amount of atmosphere and to tempera- 
ture, Venus, Marth, and Mars are intermedi- 
ate, and these three planets are considered to 
be the only ones that might naturally support 
any form of life. Earth may be the only 
planet on which conditions are so ideal as to 
favor the evolution of intelligent life. Aste- 
roids and most of the satellites of planets are 
small bodies, ranging from dust particles to 
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houlders a few hundred miles across. The 
vomets are loose agglomerations of rock and 
gas that spend most of their time in the far 
reaches of the solar system and approach the 
sun at infrequent intervals. The asteroids 
and comets are probably the debris left over 
from the formation of the planets some 5 bil- 
lion years ago. 


The Stars 


It is now known that the stars are gaseous 
bodies composed of about 75 per cent hydro- 
gen by weight, 25 per cent helium, and traces 
of the remaining elements. Most stars de- 
rive their energy from the conversion of hy- 
drogen into helium deep in the stellar interior, 
where temperatures and pressures are ex- 
tremely high. This energy is transferred to 
the outer layers of the star by radiation and 
convection. There, the emerging light is af- 
fected by the constituents of the stellar at- 
mosphere, producing the observable stellar 
spectrum. This spectrum, together with in- 
dependent information concerning the star’s 
luminosity and mass, is the basie datum from 
which all knowledge of the star’s structure 
must be deduced. 

A significant stellar characteristic is the 
fairly well-defined correlation between sur- 
face temperature, as evidenced by a star’s 
spectrum or color, and intrinsic luminosity. 
The form of this temperature-luminosity dia- 
gram has yielded much information concern- 
ing the nature of stellar atmospheres. From 
the study of spectra it is found that the chemi- 
cal constituents are approximately constant 
star to star. However, other parameters 
vary widely. Surface temperatures range 
from 1500 K to more than 50,000 K. Stellar 
diameters vary from less than 0.01 to more 
than 500 times that of the sun; masses range 
from 0.1 to 50 solar masses; and intrinsic 
luminosities vary by a factor of a hundred 
million. 

The outer layers of a star are far from being 
in equilibrium. This is obvious in the case of 
the sun, where sunspots and their aecompany- 
ing magnetic fields, intense hot spots called 
flares, and eruptions from the surface, called 
prominences, indicate large scale thermal and 
magnetic instabilities. The cause of these 
instabilities and, more basically, the reason 
for their 22-year periodic variation, is not yet 
understood. Other stars show even more 
striking examples of instability—stars which 
pulsate with periods of days or even hours; 
others which exhibit large, highly variable 
magnetic fields; and, finally, the novae and 
super-novae, which are subject to catastro- 
phic explosions. 


Interstellar Matter 


The material between the stars has a com- 
position similar to the stellar composition, 
in the form of individual atoms and radicals 
and small dust particles, or grains. The space 
density of this material is a few atoms per 
cubic centimeter and, except near hot stars, 
it has a kinetic temperature of about 100 K. 
In spite of the low density. the total mass of 
interstellar matter in the Milky Way is ap- 
proximately equal to the total stellar mass. 
This material has a profound effect on stellar 
observations because its scattering reduces 
the intensity of starlight passing through it, 
and because it superposes interstellar ab- 
sorption lines on stellar spectra. In addition, 
the material has a marked tendency to occur 
in clouds near hot, luminous stars, which 
themselves are often found in clusters. In 
these cases, the interstellar clouds are illum- 
inated and become visible as reflection neb- 
ulae. If the nearby stars are hot enough to 
excite the gas, an emission nebula results, 
emitting energy primarily in the lines of hy- 
drogen and of some of the trace constituents. 
In these nebular complexes, the density may 
be as high as a thousand atoms per cubic cen- 
timeter, and the kinetic temperature is usually 
about 10,000 K. 


Knowledge of the interstellar medium has 
increased rapidly since the development of 


radio astronomy. Radio-frequency emission 
has been detected from the neutral hydrogen 
in the interstellar gas, and has proved to be a 
valuable tool in probing distant parts of the 
Galaxy. Thermal radio-frequency radia- 
tion has been observed from emission neb- 
ulae, and radio-frequency synchrotron radia- 
tion has been measured from nebular rem- 
nants of super-novae explosions. The polar- 
ization of starlight has indicated the existence 
of magnetic fields in the interstellar medium 
which may play an important role in the pro- 
duction of cosmic rays. 


Star Clusters and Galaxies 


Stars tend to occur in multiple systems of 
two to six stars and in clusters of tens to many 
thousands. The study of such clusters has 
been valuable because the members presum- 
ably have common origins and _ histories and 
thus present homogeneous populations suit- 
able for statistical analysis. On a large 
scale, stars are clustered into galaxies contain- 
ing billions of members. In appearance, 
these galaxies range from the smaller systems, 
which are spherical, ellipsoidal, or irregular, 
and composed of fainter stars and little inter- 
stellar gas, up to the massive, highly flat- 
tened, spiral galaxies which show a great deal 
of complex structure. Our galaxy, the Milky 
Way, is an example of the latter type. It con- 
sists of a central spheroidal nucleus of stars, 
surrounded by a round stellar sheet, quite 
thin compared to its diameter. Within this 
sheet, the galactic plane, the brightest stars 
and most of the interstellar material are con- 
centrated into spiral arms. The sun is within 
such an arm. However, in addition to these 
stars, there is a second group of stars having 
different temperature-luminosity and veloc- 
ity characteristics which are spherically 
distributed about the galactic nucleus. These 
so-called Population II stars are quite similar 
to the stellar populations of the smaller ellip- 
tical galaxies. It appears that spiral strue- 
ture, with its associated interstellar material 
and bright stars may be a superficial and ra- 
ther recent phenomenon superposed on an 
older and more fundamental stellar popula- 
tion of which all galaxies are composed. 


Stellar Evolution 


With the possibility in mind that there are 
stars with different ages and histories, the dif- 
ferences between the temperature-luminosity 
digrams of different groups of stars, and es- 
pecially of different star clusters, may be in- 
terpreted as being due to age and evolu- 
tionary differences, as well as to small varia- 
tions in chemical composition. Presently 
available evidence points to the following pic- 
ture of galactic and stellar evolution. 

The original material of the universe coa- 
lesced into discrete globs, or proto-galaxies 
and, in turn, stars and star clusters condensed 
out of these globs. After the initial period of 
star formation, those galaxies which had no ex- 
cess material, or which lost their excess mate- 
rial through intergalaxy collisions, evolved in- 
to the elliptical galaxies. In the remainder, 
the excess material collapsed into flat sheets 
in which star formation has continued at a 
slower pace up to the present time. Star 
formation can occur when a local inhomogen- 
eity in a dense interstellar nebula becomes 
large enough and dense enough to contract 
due to self-gravitation. The interior pressure 
and temperature eventually becomes suffi- 
ciently high to support thermonuclear reac- 
tions and the gas becomes self-luminous, af- 
ter which radiation pressure prevents the ac- 
cumulation of appreciable interstellar ma- 
terial. The size and luminosity of the new 
star are determined by the amount of ma- 
terial accumulated before energy produc- 
tion begins. Multiple star formation from a 
single cloud is common. In some cases, the 
nebular material remaining around a new star 


condenses into planets. Single stars not 
surrounded by planetary systems are prob- 
ably rare. 

Stars consume themselves by an ever ac- 
celerating process of converting hydrogen into 
helium until the hydrogen is exhausted. At 
this point the internal support of the star due 
to radiation pressure is removed and the main 
body collapses, while a tenuous outer atmos- 
phere expands to tremendous proportions to 
preserve dynamic balance. The main body 
contracts until the central temperature and 
pressure become high enough to support the 
conversion of helium into heavier elements 
with an accompanying release of energy. 
During this evolution, the star may pass 
through phases of dynamic instability where 
pulsation occurs. Eventually, the star has 
no more energy resources left to support its 
mass and an implosion occurs, producing a 
nova. The postnova stellar core may then 
settle down into an extremely dense sub- 
luminous white dwarf star until it goes out 
completely. 


CURRENT PROBLEMS 
The Sun 


The sun is the only star on which we can 
study small regions of the surface and at- 
mosphere. For this reason, and beeause solar 
radiation profoundly affects the physical 
conditions in the earth’s atmosphere, the sun 
is an object of prime importance for detailed 
study. To gain a better physical picture of 
the conditions in the undisturbed sun, more 
accurate measurements are needed of the so- 
lar constant and of the energy distribution in 
the entire solar spectrum, not just in the re- 
gion observable from the surface of the earth. 
Also, particularly because of its effect on ter- 
restrial conditions, a long-term study of the 
disturbed sun in all wavelengths, especially in 
very short optical wavelengths and in very 
long radio wavelengths, is of great importance. 

The causes and nature of the phenomena 
occurring in the solar atmosphere and their 
effects on physical conditions in interplane- 
tary space are of vital importance in the cli- 
matology of the planets. Some basic prob- 
lems involve the propagation of disturbances 
through the solar atmosphere, the role of 
convective transport of energy in this at- 
mosphere, and the origin, support, and heat- 
ing of the chromosphere and corona. 


The Solar System 


There are still many pertinent questions 
concerning the physical characteristics of the 
planets and the other constituents of inter- 
planetary space. More information is re- 
quired on the percentage concentration of 
oxygen, water vapor, and other important 
gases in planetary atmospheres, the physical 
properties of the planetary surfaces and the 
structure of planetary interiors. Since 
the maximum intensity of the thermal radia- 
tion from the planets occurs in the infrared, it 
is obvious that studies in these wavelengths 
are important for deriving the physical char- 
acteristics of the planetary surfaces. The im- 
portant band spectra from planetary atmos- 
pheres tend to occur in the infrared also. In 
addition, even those absorptions in the region 
of the spectrum accessible from the earth's 
surface are partially obscured by similar 
molecules in the terrestrial atmosphere. 
Finally, the information needed on the struc- 
ture of planetary interiors can best be de- 
rived by studying the effects of these planets 
on nearby satellites, and should eventually 
prove particularly useful for this purpose. 

An interesting question is that of the exist- 
ence of a permanent interplanetary gas. If 
this exists, is it primarily the interstellar gas 
through which our solar system is moving or 
is it matter ejected from the sun or part of the 
solar atmosphere? The existence of such a 
nebula would provide a laboratory for study- 
ing general nebular properties, and for study- 
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ing at first hand a gaseous nebula surrounding 
astar. In addition, the existence of a solar 
nebula may also limit our study of nebulae 
elsewhere in the stellar system. 


Stellar Physics 


More accurate information is needed on 
fundamental quantities such as stellar masses, 
radii, and luminosities. For stars much hot- 
ter or much cooler than the sun, the luminos- 
ities must be extrapolated from the very 
small spectral region accessible from the sur- 
face of the earth te the regions which contain 
the predominant energy output of these ob- 
jects. In the field of stellar atmospheres, 
more information is needed on the relative 
importance of radiative transfer as compared 
to the transfer of energy by mass motion and 
on the origin and effects of stellar rotation 
and magnetic fields. Important information 
on these problems is provided by the relative 
energy output in widely separated regions of 
the stellar spectrum. Our current knowledge 
of stellar composition, structure, and evolu- 
tionary processes depends upon spectroscopic 
observations in a relatively limited region of 
the spectrum. It is obviously desirable to ex- 
tend our observations over the entire electro- 
magnetic spectrum. These observations are 
especially important for the hot stars which 
are in rapid evolution. Both their maximum 
energy output, and the spectral lines which 
are critical for studying the abundances of 
important elements in these stars, are in the 
currently inaccessible ultraviolet. 


Interstellar Medium 


In the study of the interstellar medium, the 
question of the energy balance has been re- 
opened by recent rocket investigations which 
show more ultraviolet energy being released 
by radiative processes than had been pre- 
viously supposed. Additional information is 
needed regarding the nature of interstellar 
grains, their lengths, particularly in the in- 
frared, and their interaction with the inter- 
stellar magnetic fields. In studies of the 
interstellar gas, astronomers have been handi- 
capped by the lack of observation in the ul- 
traviolet portions of the spectra where the 
principal spectral lines of the interstellar 
gases lie. These data promise to supply 
vital information on the chemical composi- 
tion, distribution relative to galactic features, 
and the mass motions and excitation proces- 
ses which play an important role in the evolu- 
tion of our galaxy. 


Star Clusters and Galaxies 


Star clusters, galaxies, and clusters of gal- 
axies constitute the large-scale building 
blocks of the universe. The role and mech- 
anism of these associations remain questions 
basic to the solution of the origin and evolu- 
tion of our universe. The individual proper- 
ties of the star cluster and the galaxy, such 
as mass distribution, mass-luminosity ratio, 
angular momentum, gas and dust concentra- 
tion, and energy balance, are typical of the 
parameters needing study. At present, we 
have little knowledge of the nature and 
density of the material in intergalactic space, 
as observations in the visible spectrum have 
proved inconclusive. It is desirable to carry 
the observations into ultraviolet portions of 
the spectrum, where higher absorption can be 
expected to greatly increase the sensitivity 
of these measurements. Current theories in 
cosmology depend strongly upon the correct 
interpretation of the red shift. It is desirable 
to determine if this red shift is a constant over 
the whole electromagnetic spectrum, and 
also if it is a linear function of distance. 
Since the red shift for very distant galaxies is 
sufficient to shift the normally observed spec- 
tral features into the unobservable infrared, 
detailed studies of the ultraviotet region of 
nearby galaxies, and the infrared of very dis- 
tant galaxies, are essential to the detection of 
possible evolutionary effects during the bil- 
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lion or more years it has taken the light from 
the latter to reach the earth. 


PROGRAM 
Long-Range 


The great distances of astronomical ob- 
jects outside of the solar system mean that 
they are both small in angular dimensions 
and apparently faint. Hence, for wave- 
lengths shorter than 1 meter, the objects re- 
quire long periods of observation with large 
radiation collectors having good angular 
resolution and accurate pointing. Radio 
astronomical observations in wavelengths 
beyond the ionospheric limit require extens- 
ive antennae arrays to achieve good resolu- 
tion. Thus, until an observatory on the 
moon is possible, experiments in this wave- 
length region will be limited to the sun and 
to low-resolution reconnaissance surveys. 
In the short-wave radio regions, astronomical 
sources are weak. It is possible that the 
development of large inflatable balloons will 
provide the necessary collecting area for ob- 
servations in this region. To provide the 
necessary pointing accuracy and observing 
time for experiments in the infrared, optical, 
ultraviolet, and x-ray regions ot the spectrum, 
development has begun on an orbiting sta- 
bilized platform. It will be possible to point 
this platform toward any point in the sky and 
to hold it in that direction for periods from a 
few minutes to an hour with sufficient ac- 
curacy to allow continued observations of in- 
dividual celestial objects. The satellite will 
contain instruments of moderate size which 
:an be completely controlled from the ground, 
thus providing a remotely operated observa- 
tory. Although the sky above the earth’s 
atmosphere will be dark, the presence of sun- 
light scattered within the vehicle itself may 
be disturbing. The eventual establishment 
of an astronomical observatory on the moon 
will eliminate this difficulty, since the moon 
itself can provide an effective shield against 
the sunlight. Moreover, the establishment 
of an observatory on the moon will undoubt- 
edly make feasible larger equipment than 
can be placed on a satellite-borne platform. 

The execution of these programs will re- 
quire not only the development of a stabilized 
platform and its pointing controls, but also 
specialized optical equipment and radiation 
receivers for particular wavelength regions, 
especially adapted for a particular program, 
and improvements in telemetering techniques 
so that transmission to ground stations of 
spectroscopic data of adequate scope and res- 
olution will be possible. For pianetary stud- 
ies, the planetary satellites and planetary 
probes planned for the atmospheres program 
will also be useful for providing information 
on the surface conditions and interior struc- 
tures of the planets. 


Immediate 


The immediate program includes the ex- 
ploration of the moon, reconnaissance meas- 
urements in the ultraviolet region of the spec- 
trum to determine the brightness and posi- 
tions of interesting regions of the sky, pre- 
liminary testing of equipment and_ tech- 
niques to be used later on the stable platform, 
and studies of the sun in the ultraviolet and 
x-ray region with pointing controls some- 
what less stringent than those to be used for 
the stable platform. The reconnaissance 
will continue and extend to the southern sky 
the survey of the newly discovered extended 
emissions in the far ultraviolet in order to de- 
termine the nature and sources of these 
emissions. Stellar photometry measure- 
ments will be made in the near and far ultra- 
violet spectral regions to extend the magni- 
tude svstems to these wavelengths. Mmpha- 
sis is being, given to observations in the pre- 
viously unexplored far ultraviolet and high 
energy gamma-ray spectral regions. Studies 
of the solar ultraviolet and x-ray spectra will 


include their long-term variations, line pro- 
files, distribution across the disk, and the 
spectra of the coronal x-ray emissions. |), 
addition, long wavelength radio receivers wi] 
be placed in satellites to study the brightness 
distribution of the sky in these wavelengths, 
the spectrum of the sun and its variation, 
and the absorption of the earth’s ionosphere 
at various heights. 


BIOSCIENCES 
OBJECTIVES 


To determine the effects on living terres. 
trial organisms of conditions in the earth's 
upper atmosphere, in space, and in other 
planetary atmospheres. To determine the 
effects of flight through space on living organ- 
isms. To investigate the existence of life 
throughout the solar system, and to study in 
detail whatever extraterrestrial life forms 
exist. 


PROBLEMS 


The opportunity now exists to conduct 
fundamental life sciences research in satel- 
lites and space probes. In such researc, 
conditions in space and conditions during 
flight through space enter as new experimen- 
tal variables. Principal interest lies in the 
components of the space and spaceflight en- 
vironment that are irrevocably different from 
the terrestrial, such as radiation and the al- 
tered gravity state. The former is qualita- 
tively and quantitatively different from ter- 
restrial radiation and looms as a far more in- 
portant problem than originally thought. 
The latter offers the possibility of elucidating 
biological processes known to be affected by 
weight or apposition of one part against 
another, such as cell division and organogene- 
sis. These and other areas of study could be 
carried out in satellites or space probes fron 
which specimens under study could be re- 
covered. 

More specifically, fundamental experi- 
ments on living organisms in the satellite en- 
vironment or in other types of space vehicles 
and stations should be conducted aiong the 
following general lines: 

Animal navigation and orientation; mito- 
sis and embryology; plant morphogenesis: 
geotropic response of plants to altered gravi- 
tational fields; biological rhythms and cycles; 
altered gravitational effects on blood circu- 
lation in animals; vestibular physiology: 
neuropharmacology—effects of tranquiliz- 
ers, motion sickness drugs, ete.; effects of 
cosmic radiation; tolerance limits for com- 
bined stresses; physiological and psycholog- 
ical deterioration; and effects of accelera- 
tion and deceleration. 

There has been considerable speculation 
about the possibility of the existence o1 ex- 
traterrestrial life forms. The debate ranges 
from whether or not lite exists on Mars and 
Venus, and, if so, in what form, to whether or 
not spores and similar life forms can survive 
the rigors of interplanetary space. Investi- 
gations of these topics must for the most part 
await observations which can be made on 
direct samples and studied in space labora- 
tories of the future. It is conceivable, how- 
ever, that, with proper and specialized instru- 
mentation and remote sampling techniques, 
it may be possible to obtain evidence of prim- 
itive or complex organic material without the 
presence of a scientist and a laboratory in the 
sample area. Elaborate instrumentation 
and the recovery of records, or advanced tele- 
metering techniques, could provide informa- 
tion about the nature of biochemicals on the 
planets. 


PROGRAM 


The program in biosciences is still being 
formulated. Immediate steps include 4 
series of discussions with leading bioscientists 
to firm up important initial lines of attack. 


| 
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The Soviet 


astronautical program 


This photo, purportedly the first of 
a Russian space rocket (probably 
the Sputnik III launching vehicle), 
appeared in the March issue of the 
Hungarian publication Elet es Tu- 
domany. 


A three-phase plan, calling for simultaneous satellite experiments, 


lunar exploration, and investigation of the planets, may produce a 


Russian astronaut by the end of 1960 and see the insignia of the U.S.S.R. 


planted on the moon by 1967, the 50th anniversary of Communist power 


F, J. Krieger, a physical scientist 
with Rand Corp., is one of the coun- 
try’s top authorities on Soviet astro- 
nautical activities. Author of two 
previous articles on this subject for 
Astronautics (November 1958, and 
April 1959), Dr. Krieger has been 
with Rand since its formation in 1945, 
his fields of research including the 
chemistry and physics of rocketry and 
astronautics, and the science capabil- 
ities of the Soviet Union. He was ed- 
itor of the now-famous Rand “Case- 
book on Soviet Astronautics” and is 
the author of “Behind the Sputniks,” 
a book based on the casebook. 

This article is based on a presenta- 
tion made by Dr. Krieger at a panel 
discussion on the Past, Present, and 
Future of Space Investigation at the 
National Telemetering Conference in 
Denver in May (see page 64). 


By F. J. Krieger 
THE RAND CORP., SANTA MONICA, CALIF. 


HERE can be little doubt at this point that Soviet space explora- 

tion is advancing rapidly according to a logical and well-ordered 
plan. The three Sputniks and Mechta, each representing a step for- 
ward in a progression of astronautical achievements, offer ample evi- 
dence of the existence of such a program. 

The Soviet regime is fanatically dedicated to the proposition that 
Soviet man will be first in space, first on the moon, and first in inter- 
planetary communications. The implementation of this proposition 
probably began sometime in 1951, when, allegedly, Soviet scientists 
successfully recovered by means of a parachute their first canine 
stratospheric rocket passenger. Soviet achievements since that time 
provide tangible evidence of current capability for lunar rockets, 
planetary probes and, possibly, lunar satellites. 

Once Soviet scientists have solved the complex interdisciplinary 
problems associated with placing man in space and successfully re- 
covering him—which they may very well do before the end of 1960— 
other technological advances in the conquest of space will follow as 
rapidly as the nation’s economy will permit. 

The era of manned space exploration will begin soon thereafter, 
and Soviet astronauts will probably plant the insignia of the U.S.S.R. 
on the moon by 1967, the 50th anniversary of Communist power and 
propaganda. 

The Soviet astronautical program ( discussed briefly in “Behind the 
Red Satellites,” page 32, November 1955, Astronautics) has been 
brought into focus in an article by a Prof. G. V. Petrovich in the 
March 1959 issue of Vestnik Akademii (CONTINUED ON PAGE 78) 
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Antennas for space vehicles 


New concepts for antennas, such as the spherical equiangular 


spiral, promise to extend space communication range greatly 


By Maurice G. Chatelain 


CONVAIR-ASTRONAUTICS, DIVISION OF GENERAL DYNAMICS CORP., SAN DIEGO, CALIF. 


Born in Paris, France, in 1909, 
Maurice G. Chatelain studied mathe- 
matics and physics at the Univ. of 
Paris, where he received an M.S. in 
electrical engineering in 1931. For 
25 years he engaged in electronics 
research and development. During 
WW II, he directed a radio network 
for the French Air Force. Then, in 
1955, he came to this country and 
joined the staff of Convair-Astronau- 
tics Antenna Research Lab. He is a 
member of ARS, the American Insti- 
tute of Physics, and IRE. 


44 Astronautics / July 1959 


A? THE range and velocity of space vehicles increase, space com- 

munication will become more and more difficult. In theory 
transmitters have sufficient power and receivers sufficient amplifica- 
tion to extend radio communication over interplanetary distances. 
But in practice transmitting power is limited by weight and receiver 
amplification by noise, so that achieving interplanetary radio com- 
munication becomes a major engineering problem. 

One of the best ways to improve range in space communication is 
to increase antenna efficiency. 

Transmitting power in a space vehicle can be obtained from 
several sources—chemical, solar, or nuclear. We can obtain approxi- 
mately 10 whr per lb for a few months with a chemical battery, 
1 whr per lb for about 10 years with a solar battery, and 700 whr per 
Ib for about three years with a nuclear battery. In the near future, 
space vehicles will probably be powered with thermonuclear fusion, 
and the new science of magnetohydrodynamics will provide us 
with a weightless and almost unlimited source of power. But at 
the present time, with the sources of power available, we are still 
limited by weight. 

Amplification in the receiver is limited by noise, which is a func- 
tion of temperature and information bandwidth. Noise can be 
attenuated by cooling the receiver or by maser amplification tech- 
niques. It can also be attenuated by reducing the information band- 
width to a minimum. 


Human Voice Requires 3-kc Bandwidth 


Television requires a bandwidth of 3 mc, human voice 3 kc, and 
telemetering about 30 cps. During an interplanetary flight, there is 
plenty of time and little information to transmit. Consequently, the 
rate of information can probably be limited to a few cycles per 
second, which would considerably improve the noise level. 

External noise, or interference, is an antenna problem. Antennas 
can be designed to eliminate all kinds of interference except those 
coming from the transmission path and having the same frequency 
and polarization as the transmitted radio signal. Unfortunately, in 
space communication, frequency and polarization cannot be con- 
sidered as constant values. 

In the design of an antenna, we have to consider the transmitting 
frequency, the polarization, and the power gain. 

The choice of a transmitting frequency is not a simple problem. 
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We know that below 20 mc radio waves are reflected by the iono- 
sphere and that above 20 kmc they are absorbed by the atmosphere. 
For earth-to-space communications, then, we are limited by these 
two values. Radar echoes obtained from the moon between 30 and 
3000 me give us a pretty good idea of the best frequency range. For 
space-to-space communications, however, it is possible to use much 
lower and much higher frequencies. 

Before the advent of Sputniks, Explorers, and Vanguards, we used 
to consider the frequency of a radio wave as a fixed value, the same 
in transmitter and receiver. But with the earth satellites, we met 
the Doppler effect problem, frequency shift caused by relative 
velocity, which, to be true, was not serious. Doppler effect was 
even very useful in calculating the orbit and velocity of the satellite. 

But in interplanetary travel, the problem will be different. We are 
trying to send a rocket probe around the moon, and we will try to 
send one around Mars in the next few years. These projects would 
be worthless if the space vehicles could not send data back to the 
earth. But at that time, a tremendous velocity, increasing during 
the first part and decreasing during the second part of the trip, will 
be required. The relative velocity of the vehicle with reference to 
the earth—and hence the Doppler shift—will change considerably 
during the whole duration of the trip, and thus make necessary very 
wideband antennas. 

The relative attitude of the space vehicle to the earth will be 
difficult to know and to keep, and the relative position of the trans- 
mitting and receiving antennas, hence the polarization, will be 
unknown. Furthermore, with some types of antennas, helixes for 
example, the polarization depends on the relation between the wave- 
length and the antenna dimensions. For certain fixed antenna 
dimensions, polarization is a function of frequency; and we shall 
see that in space frequency is a function (CONTINUED ON PAGE 120) 


Recent research has produced omnipolarization antennas with 3-to-1 bandwidth (e.g., 3 to 9 kmc) such as this 


METAL 


Spiral Antenna Forms 


DIPOLE SPIRAL ANTENNA 


SLOT SPIRAL ANTENNA 


BOTH ANTENNAS ARE FED BETWEEN A AND 8 


one with a conical ridge in a circular waveguide, shown assembled (left) and disassembled (right). 
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Artificial modification of 
the upper atmosphere 


Injection of chemicals into the upper atmosphere with rockets may 


in the future help minimize extremes in the sun’s influence on the 


ionosphere, and completely elucidate upper-atmosphere structure 


By Murray Zelikoff 


GEOPHYSICS CORPORATION OF AMERICA, BOSTON, MASS. 


Murray Zelikoff is currently vice-presi- 
dent and head of the Aeronomy Div. 
of Geophysics Corporation of Amer- 
ica, where he is engaged in research 
on the physics of the upper atmos- 
phere. Before joining GCA, he was 
chief of the Air Force Cambridge Re- 
search Center Photochemistry Labora- 
tory, and engaged in research on the 
atmospheres of the earth and other 
planets. A chemist by education, 
having received a Ph.D. in physical 
chemistry from New York Univ., he 
has also been active in rocket research 
for many years. 
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INCE the early upper-atmosphere contamination experiments in 

1955 and 1956, the release of chemical vapors from rockets has de- 
veloped into a very useful research tool. Practical applicants have 
been slow in coming, largely due to the huge cost of rocket vehicles. 
In what follows, we shall review briefly the progress made in both re- 
search and application, and attempt to point out the direction of fu- 
ture work. 

The first successful contamination experiment was performed in 
October 1955, by the release of 3 kg of metallic sodium vapor from 
an Aerobee rocket between 50 and 115 km. Enhanced sodium 
emission was observed from the ground visually, photometrically, 
and spectrographically during twilight. The emission faded grad- 
ually as the cloud was obscured by the earth’s shadow, and thus 
showed that the twilight sodium emission is a resonance effect 
caused by solar radiation. 

Since this work, numerous other sodium experiments have been 
carried out both at night and at twilight. In general, it can be stated 
that the resonance effect at twilight is replaced by a chemilumines- 
cent effect at night; that is, sodium reacts with atmospheric mole- 
cules and atoms to produce excited sodium which then radiates. 

A possible mechanism is as follows: 


(1) Na+O.+M NaO.+M 

(2) NaOz. + 0 —— NaO. + or 
(3) NaO. + H —— NaH + O. 

(4) NaO + O Na(*P) + or 
(5) NaH+ O — Na(?P) + OH 


In several night experiments, strong sodium emission was observed 
at 140 km and above. Since this cannot be explained by (1-5) above 
(three-body processes are improbable above about 100 km), reaction 
of sodium with metastable atomic nitrogen is suggested as a possibil- 
ity. Strong luminescence up to 200 km is still unexplained, although 
it suggests high-atmospheric temperatures or the presence of high- 
energy particles. 

As a practical, as well as research (CONTINUED ON PAGE IIS) 
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On Portola’s ground 


The 1959 ARS Semi-Annual Meeting held in San Diego brought a major 


outburst of papers and discussion on the groundwork for spaceflight 


N ITS 1959 Semi-Annual Meeting and Astronau- 

tical Exposition, held last month at the El Cortez 
Hotel in San Diego, ARS registered the full impact 
of the space age. The Semi-Annual Meeting pro- 
duced 26 sessions and over 115 papers, which may 
be contrasted with the 11 sessions and something 
less than 50 papers of a year ago. This great in- 
crease of sessions and papers, as might be expected, 
reflects a burgeoning space technology and, as im- 
portant for the Society, the strength ARS has gained, 
through its many new technical committees, for 
eliciting and organizing the presentation of im- 
portant thinking and work in the multifaceted do- 
main of astronautics. 

Sessions at the Semi-Annual Meeting maintained 
the continuity of long-standing discussion on liquid 


ac Propellants Pc, atm Ex. Engine Calculated 
and solid propellants, combustion, thermostructural 
materials, ballistics, telemetering, space law, guid- 
ance, research rockets, ramjets, missile systems, etc.; 
as Ho-Li 2 ‘ 4 ‘ x 
extended the 1958 Annual Meeting’s focus on man- " 
Gas Ho-Liq Fs 25.2 8.5 108 7 10" 
in-space plans and problems, human factors, nu- etnias 
clear and other advanced propulsion schemes, and a er 
auxiliary power supplies; and gave major represen- 
tation to select areas of growing interest and inter- 
Space Power Requirements for NASA Missions 
Duration Power 
Payload Date Mission of Exploration Avg Peak 
1 July "60 Circumlunar AO hr 23 34 
2.3 Oct '60 Escape toward Mars 6 mos 36.2 47.5 
4,5 Jan '61 Escape toward Venus 6 mos 34.2 45.5 
6 Sept '61 Out of ecliptic 6 mos 26.5 26.5 
rs April '62 Lunar satellite 1 mo 46.2 61.5 
8a, 9a Aug, Sept '62 Venus satellite 2-3 mos 327.2 342.5 
8b, 9b Aug, Sept '62 Venus entry 6 mos* _ 59.5 
10, 11 Nov, Dec '62 Mars near-miss 6 mos 44.2 $9.5 
12 June '63 Circumlunaor ond return 
13, 14 2'63 Lunar soft landing 1 mo 329.5 354.5 
15, 16 Mar, April '64 Venus landing 1 mo 380 395 


* Plus 24-hr landing period. 


disciplinary importance, such as astronomy from a 
space platform, microminiaturization, hypersonics, 
upper-atmosphere studies, and logistics and opera- 
tions. 

It would be near impossible to do justice to the 
Semi-Annual Meeting papers in this brief space, but 
a few comments may suggest their great variety and 
interest. 

On a fitting note. the (CONTINUED ON PAGE 112) 


Calculated Chemical vs. Experimental Rocket 
Engine Space Heating Rates 


Space heating rate, Btu/ft®/hr 
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At left, nose cone is recovered by Navy ship Kiowa. At right, monkeys pose on Kiowa after spaceflight. The 
monkeys sustained some 9 min of weightlessness and over 6-g deceleration on re-entry. 


Able, Baker — Astronauts 


NASA and the Army combined talents May 28 to return the first 


animals—monkeys Able and Baker—alive from a_ spaceflight 


Riding in a 250-lb capsule in the 
nose cone of a Jupiter missile, the 
monkeys reached an altitude of 300 
miles in a 1500-mile trajectory, 
which saw them land and picked 
up by a Navy recovery ship in the 
Atlantic near Antigua Island, as 
shown above. At left, Siegfried 
Gerathewohl of ABMA looks over 
test monkey in Able’s_ spacesuit, 
which fitted in Jupiter nose cone 
compartment, as shown at right, 
with Able looking on after flight. 
Compartment reached maximum 
temperature of 84 F. 


Baker, tiny South American squirrel 
monkey, rode in this life-support 
cylinder, shown being placed in 
compartment similar to one used in 
the experiment. Monkey, cylinder 
and life-support system weighed 
29'/> Ib. 
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( AUTOMATIC TRANSLATION 


Computing machines aid language research at Ramo -Wool/dridge 


To formulate rules for automatic language translation is 
an enormously subtle and complex project. Yet significant 
progress is being made. During the past year of research 
at Ramo-Wooldridge over 60,000 words of Russian text 
have been translated and analyzed using an electronic 
computer. From the beginning several hundred syntactic 
and semantic rules have been used to remove ambiguities 
that are otherwise present in “word for word” translation. 
Our present computer program for automatic translation 
is a considerable improvement over earlier attempts. 


Apart from the question of translation itself, electronic 
computers are invaluable for language research. The 
expansion of existing knowledge of the rules of language, 
through statistical analysis, is made practical by mecha- 
nized procedures. A clear symbiosis between linguistics 
and computer technology has emerged. 


Automatic translation research is one of many R-W 
activities addressed to problems of communication of 


scientific information. These problems are increasing at 
an accelerating pace. In this area, as in others, scientists 
and engineers find at Ramo-Wooldridge challenging 
career opportunities in fields important to the advance of 
human knowledge. The areas of activity listed below are 
those in which R-W is now engaged and in which open- 
ings also exist: 


Missile electronics systems 

Advanced radio and wireline communications 
Information processing systems 

Anti-submarine warfare 

Air navigation and traffic control 

Analog and digital computers 

Infrared systems 

Electronic reconnaissance and countermeasures 
Basic and applied physical research 


For a copy of our brochure or other information, write to 
Mr. Donald L. Pyke. 


RAMO-WOOLDRIDGE 


P.O. BOX 90534, AIRPORT STATION * LOS ANGELES 45, CALIFORNIA 


a division of Thompson Ramo Wooldridge Inc. 
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Measuring Upper Air Structure 


( CONTINUED FROM PAGE 29) 


modate the range of five orders of 
magnitude of pressure encountered in 
passing through the atmosphere to the 
peak of the rocket trajectory. 

Conversion of the pressures meas- 
ured on the cone to ambient pressure, 
temperature, and density may be ac- 
complished in two ways. The super- 
sonic pitot-tube equation may be used 
in the following form to calculate am- 
bient density from the ram pressure 
(P) and the velocity (V), which is 
known from tracking, if V is large: 
p — 1.166 x 108 P/V? kg/m’. 

In a more elaborate treatment, the 
Mach number (m) of the flow around 
the cone may be calculated from the 
ratio of ram pressure to cone-wall 
pressure. The velocity (V) of the 
missile being known, the ambient tem- 
perature (T) is calculated from T = 
M y R (V/m)? where R is the uni- 
versal gas constant, y the ratio of 
specific heats, and M = the molecular 
weight. 

F. L. Bartman of the Univ. of Mich- 
igan and W. G. Stroud of the U.S. 
Army Signal Research and Develop- 
ment Laboratories measured tempera- 
tures and winds by the grenade 
method in 10 Aerobee flights at Fort 
Churchill. In this experiment, 19 
high-explosive grenades are carried 
aloft as a package and ejected and det- 
onated one by one at regular intervals 
between 30 and 90 km, as indicated in 
the figure on page 29. A Doppler 
tracking system gives the positions of 
the bursts in space, while an array of 
microphones receives the acoustical 
waves on the ground. From the times 
of arrival of the sound on the ground, 
the temperatures in layers bounded by 
grenades are measured; and from the 
acoustical angles of arrival, the wind 
vectors in the layers may be calculated. 
Although the grenade experiment. is 
not as simple as some others, its com- 
plexity was justified by the expectation 
of taking the wind measurements, the 
only extensive ones being made up to 
90 km. In fact, the Fort Churchill 
grenade firings were marked by an 
unusually high percentage of data re- 
covery. 

During the IGY, the author was en- 
gaged in a program for determining 
upper-air density by measuring the 
drag on falling spheres. In this pro- 
gram, under the sponsorship of AFC- 
RC, 10 Nike-Cajun’s were used to 
launch 7-in.-diam spheres containing 
an accelerometer for measuring, in 
any direction, the drag acceleration. 
One such sphere is shown on page 29. 
A tiny telemetry transmitter was car- 
ried to report the measurements to the 
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ground. Knowing the mass, cross-sec- 
tional area, and coefficient of drag of 
the sphere, the ambient air density can 
be calculated. 

An outstanding feature of this tech- 
nique is that the sphere measures its 
own trajectory, thus eliminating the 
need for a tracking array. With tele- 
metering and meteorological balloons 
as the only supporting gear required, 
the sphere experiment is suitable for 
operation away from an_ elaborate 
ground base. Just prior to IGY, five 
spheres were launched from the deck 
of the USS Rushmore (LSD-14) in 
the North Atlantic and Davis Strait. 
Four additional firings were carried 
out at Fort Churchill during the IGY. 


Russian Work 


It may be wondered what compar- 
able work the Russians are doing. The 
Russian “meteorological rocket” and 
the instrumentation used for measure- 
ments at medium altitudes have been 
described in various places. The 
rocket is roughly the equivalent of our 
own Aerobee. A standard instrument 
package, illustrated on page 29, has 
been developed and is often re-used 
after parachute recovery. A_ 1-in.- 
diam, 30-in. probe at the forward end 
of its ogival nose cone carries, at the 
very tip, miniature Pirani gauges to 
measure ambient pressure from 30 to 
85 km. Ten inches from the bottom 
of the probe, openings lead to tubes 
which communicate with diaphragm 
pressure gauges in the nose cone 
proper. These cover the range from 
ground level to 30 km. At the center 
of the slender probe, a series of four 
external tungstenwire (40 ,-diam) re- 
sistance thermometers measure ambi- 
ent air temperature directly. Four 
bolometers and a resistance thermom- 
eter mounted on the spire measure 
solar radiation and probe temperature 
for correcting the readings of the 
gauges, particularly the resistance 
thermometers. Other thermometers 
are used to correct the Pirani- and di- 
aphragm-gauge readings. 

The nose cone is ejected and_ its 
parachute deployed at 70 km on the 
upleg. A typical peak altitude is 85 
km. The parachute is ineffective 
above 65 km and presumably correc- 
tions are made for the effects of the 
supersonic velocity just above this alti- 
tude. Below 65 km, velocities of 500 
to 300 fps are encountered, and the 
gauges read nearly ambient conditions. 

At the recent IGY meeting in Mos- 
cow, E. G. Shvidkovsky reported on 
the results of Soviet structure measure- 
ments at medium altitudes. Fifteen 
pre-IGY measurements at all seasons 
of the year yielded an average atmos- 
phere to 80 km at about the latitude 


of Moscow (56 deg North). These 
are consistent with similar U.S. results 
at 32 deg North. Twelve flights dur- 
ing IGY were reported to an altitude 
of only 50 km. Since the same instru- 
ments were used in these flights as in 
earlier ones with the meteorological 
rocket, it may be that eventually re- 
sults to 80 km will be published. 
Shvidkovsky said that tracking of the 
rocket is required to obtain the higher 
altitude data, but he did not indicate 
whether the IGY rockets were tracked. 

In any case, many significant meas- 
urements were reported. Four flights 
were carried out on Heiss Island (82 
deg North) in Franz Josef Land, much 
farther north than the U.S. flights. 
Eight flights were carried out in the 
middle latitudes (~56 deg North), 
and two of these, made during the 
winter, are of interest for comparison 
with sphere flights which give winter 
results at Fort Churchill (59 deg 
North) and the grenade flights which 
covered both summer and winter at 
Fort Churchill. 

The graph on page 29 compares 
U.S. and Russian measurements.  Al- 
lowing for nominal differences in time 
and location, Russian and U.S. results 
are in good agreement. It will be in- 
teresting to note whether the warming 
of the Arctic winter atmosphere above 
70 km, a phenomenon shown in the 
U.S. measurements and not detected 
at temperate latitudes, is confirmed 
by the Russian technique. 

The entire 18-month IGY effort in 
measuring upper-air structure con- 
sisted of something under 200 rockets, 
or about the same as the number of 
balloons which go to the 20-30 km 
region in one day. Thus the kind of 
synoptic survey available to tropo- 
spheric meteorology is as yet beyond 
the reach of rockets. 

Nevertheless, the increased rocket 
effort during IGY over that in previous 
years is a big step forward and has 
already yielded important results. 
Among the more interesting of these 
is the wide variability of Arctic densi- 
ties (see page 24 of this issue) com- 
pared with Temperate Zone densities 
and the warming of the winter Arctic 
atmosphere at 80 km. 


New Memory and 
Switching Device 


Bell Telephone Labs has developed 
a magnetic memory and switching de- 
vice, known as Laddic and cut in the 
shape of a ladder, that can operate at 
speeds essentially limited only by the 
current drives available and which has 
achieved switching speeds of a few 
tenths of a microsecond and repetition 
rates of a few hundred kilocycles. 


... capacity to design, produce, install and operate 
complete systems for separation, purification and 

si- liquefaction of gases — systems that provide 

aa profitable advantages and opportunities throughout industry. 
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Liquefied gases from Air teelm 
Products equipment supply echni 
all major U.S. missiles. roug 


HOW THE MILITARY SERVICES OU will find here tangible evidence ¢ 
see a growing technology. Applying “Cryofyi 
use Air Products CAPACITY genics” (the science of low temperatures|—f| Ai 
and engineering broad new routes to low-costMAPP 


Large-scale low-temperature systems, ultra pure see ane high-purity industrial gases is the main busife dy 
liquids, and a broad range of specialized cryogenic hardware ness of Air Products. or it 
are supplied by Air Products to the military. When large quantities Air Products combines original researdfl Pe 
of liquefied gases were needed for rocket engine development ss fs 2 
and missile testing, Air Products quickly designed, manufactured knowledge with —e and manufactur we 
and put on stream complete production facilities. Typical facili- ing capabilities and substantial operatinggass 
ties paid for themselves in less than a year’s time. Air Products experience. These integrated activities havggrot 
also provides a broad line of portable air separators for field and 
shipboard use... and has advanced the development of exotic 
fuels. And, Air Products produces advanced design liquefied-gas 
pumps, cryogenic storage and transfer systems, electronic cool- 
ing devices and refrigeration and distillation equipment for hese companies and many others are the beneficiary 8 
military uses. _ of major facilities provided by Air Products: 

me Steel + Bethlehem Steel + Brazilian National Steel +-Cel2" 
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OW THE STEEL INDUSTRY 
ses Air Products CAPACITY 


the blast furnace, the open hearth and the new 
onverter processes — Air Products oxygen effi- 
ently increases steel mill capacity. Annealing 
itrogen and other gases are also provided on a 
bw-cost tonnage basis. 

Air Products’ complete gas supply systems are 
stalled at steel mills without capital investment 
operating worries on the part of the users. 
ontinuity and reliability of supply are assured. 
Nn-site facilities pioneered by Air Products 
aduced the cost of oxygen 80% in 12 years -— 
ransforming oxygen from a costly chemical to 
practical working utility. 

Further progress marks on-the-job development 
ork now continuing around the clock at major 
teelmaking facilities. Entirely new metallurgical 
pchniques ... and new profits ...are available 
rough Air Products. 


elped provide many Air Products customers 
with distinct competitive advantages. 

Air Products is the world’s leader in 
APPLIED CRYOGENICS ~— the practical 
| busifiand profitable use of low-temperature science 
or industry. 

ears Perhaps this CAPACITY can help solve 
acturfyour problems — in cryogenics, in industrial 
atingfgassupply systems, or in some new area where 
hav@f'ground rules” are yet to be established. 


HOW THE CHEMICAL INDUSTRY 
Air Products CAPACITY 


Air Products low-temperature systems permit 
many modern chemical plants to improve operat- 
Ps efficiency and end-product quality — and to 
develop new processes and products. This results 
fom the ready availability of low-cost tonnage 
quantities of oxygen, nitrogen, hydrogen, ammonia 
and methanol syn-gas, carbon monoxide and 
hydrocarbons such as purified methane, acety- 
lene and ethylene. Low-temperature separations 
of gaseous mixtures now make it practical to 
recover valuable components from natural gas, 
refinery off-gases, coke-oven gas and other 
“waste” gases. The versatility of cryogenics—as 
applied by Air Products—works profitably for the 
chemical industry today... offers unparalleled 
future Opportunity in this fast-growing industry. 


Air Products pipeline oxygen 
serves the Basic Oxygen Fur- 
nace Process. 


HIGH PURITY GASES AND LIQUIDS 
— available like any other utility 


with the help of Air Products 


... The supply is dependable... 
the price guaranteed .. . with 
Air Products on the job. 
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aps you, too, cane 


To find the new opportunities Applied Cryogenics may offer 
in the manufacture, separation and purification of Industrial 
Gases. 


To provide integrated research, engineering, manufacture and 
operation . .. complete services under a single responsibility. 


To forecast accurately and guarantee total cost, superior 
performance and reliability. 


To put entire gas supply complexes to work for you without 
capital investment on your part. 


Air Products CAPACITY has helped our customers to step 
out ahead of competition in familiar fields...to open up 
entirely new areas of opportunity through new products or 
processes. A letter or telephone call will put Air Products 
CAPACITY to work for you. 


-INCORPORATED 
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Sun and Upper Atmosphere 
(CONTINUED FROM PAGE 22) 


perature of about half a million K. 
That such temperatures must exist in 
the solar corona was realized by astro- 
physicists as far back as 1938, but the 
intensities observed by means of rock- 
ets are far higher than was suspected. 
The maximum of the X-ray emission 
falls in the neighborhood of about 50 A 
At shorter wavelengths, below 20 <A, 
the emission is highly variable over pe- 
riods of weeks or even days.  Be- 
tween 10 and 20 A the emission has a 
spectral distribution typical of a higher 
temperature, perhaps a two-million-K 
thermal source. On the infrequent oc- 
casions of solar flares, still shorter X- 
ray wavelengths are emitted, down to 
] or 2 A, and the emission spectrum is 
characteristic of a thermal source at 
temperatures perhaps as high as 10 
million K. 

Practically all our knowledge of the 
ionosphere before rocket measure- 
ments was based on radio soundings. 
A pulse of radio waves entering a 
cloud of electrons is reflected when 
the density of electrons reaches a cri- 
tical value proportional to the square 
of the frequency. The time required 
for the pulse to travel to the ionosphere 
and back to ground is a measure of 
the height of the reflecting region. At 
certain critical frequencies, there ap- 
pear abrupt discontinuities in reflec- 
tion heights, as though the electron 
density were distributed in several 
well-defined layers. These lavers were 
named E, F,, and F.. In the lowest 
region, named D, the electron den- 
sity is too small to reflect megacycle- 
per-second frequencies. The lower 
ionosphere normally acts as an absorb- 
ing region for these short waves and a 
good reflector for very long waves, 
such as the static generated by thun- 
derstorms. 

Rocket measurements have done 
away with the concept of discretely 
separated ionospheric layers. Instead, 
we now see the ionosphere as a con- 
tinuum of ionization increasing steadily 
with altitude. In terms of our current 
knowledge of the solar spectrum of 
ionizing radiations, it is clear that the 
ionosphere cannot have abruptly 
bounded stratifications simply as the 
result of the interaction of solar radia- 
tion with a static atmosphere. Any 
abrupt discontinuities must be attrib- 
uted to wind-shears. When the sun 
is quiet, the lowest level of the iono- 
sphere, the D region, can be ac- 
counted for entirely in terms of the 
ionization of nitric oxide by the ultra- 
violet Lyman-a@ line of hydrogen. The 
X-ray emission from 10 to 100 A con- 
tains enough energy to produce most 


of the E-region, and the ultraviolet 
line of singly ionized helium at 304 A 
is capable of accounting for most F- 
region ionization. 

At times of great solar activity, X- 
ray emissions from the sun are greatly 
enhanced. By far the most spectacu- 
lar form of activity is the solar flare. 
The catastrophic magnitude of a solar 
flare can best be appreciated when it is 
viewed in the red light characteristic 
of excited hydrogen atoms in the 
chromosphere. In a matter of minutes, 
a local region of the solar surface 
increases tenfold in brightness and 
the flash spreads over hundreds of 
million of square miles. Simultane- 
ously with the flash, the ionosphere 
becomes so dense in the D-region 
that broadcast frequencies are com- 
pletely absorbed and communications 
disrupted. This condition is known 
as radio fadeout or blackout. Recep- 
tion does not return to normal until 
the flare disappears, which may take 
half an hour to several hours depend- 
ing on the size of the flare. 


Results of Program 


The results of the IGY solar flare 
program carried out by NRL show 
that the ionospheric effects accom- 
panying a flare are the result of bright 
X-ray flashes. The ionization pro- 
duced by these X-rays acting on the 
lowest portions of the ionosphere 
greatly enhance its absorbing proper- 
ties. 

Experiments at Fort Churchill in- 


dicated that polar blackouts were also 
associated with X-rays, but these X- 
rays appear to be produced by the 
electrons derived from the trapped 
radiation belt discovered by Van 
Allen’s detectors in the Explorer satel- 
lites. 

It is important to be able to com- 
pare directly the distribution of ioniz- 
ing sources of radiation on the sun 
with visible phenomena. What is 
needed are photographs of the sun in 
Lyman-a, the helium resonance lines, 
X-ravs, and other short wavelengths. 
However, the familiar techniques of 
photography in visible light are not at 
all applicable to photographing the 
sun in short wavelengths. 

On March 13, 1959, the striking 
photograph of the sun shown on page 
21 was made in the light of Lyman-@ 
by rocketborne camera. — This 
camera, diagramed on page 21, was 
the result of four years of development 
at NRL by Tousey, Purcell, and 
Packer. Since this ultraviolet light is 
strongly absorbed by all materials, 
lenses could not be used and the whole 
camera had to be constructed with 
mirrors. These were not ordinary mir- 
rors, however, but were diffraction 
gratings—parabolic mirror surfaces 
ruled with 15,000 lines to the inch. 
The rulings caused the intense visible 
light from the sun to be thrown out of 
the camera, leaving only the mono- 
chromatic Lyman-q@ radiation to form 
the solar image. 

Ordinary film cannot be used to 
photograph the image because the 


First Close-Up of AF Hound Dog 


Close-up of North American's GAM-77 Hound Dog air-to- 
ground strategic missile shows how bird will be mounted 


under B-52 wing. 


Operational AF missile will have the 


same aerodynamic characteristics as this training and test 


model. 
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gelatine binder in the emulsion ab- 
sorbs the extreme ultraviolet before it 
can reach the sensitive silver-halide 
grains. A special film containing al- 
most no gelatine must be used. This 
is very fragile and care must be taken 
not to touch the surface, or the image 
will be wiped off. 

Once in flight, it is still no small feat 
to guarantee taking good pictures, be- 
cause the rocket is sure to be unstable, 
rolling, pitching, and yawing. Precise 
pointing is essential, as it is to any 
astronomical telescope. A  compli- 
cated servo system, developed and 
built by physicists at the Univ. of 
Colorado, was necessary to keep the 
entire instrument pointed at the sun. 

The photograph on page 21 shows 
this system mounted in the nose of 
the launching rocket. The instrument 
package contains both a spectrograph 
and the camera just described. The 
instrument package is recessed within 
the nose cone at the start of flight, and 
is then swung out to point at the sun 
at an altitude of about 100,000 ft. 
The entire nose section rotates about 
the long axis of the rocket, counter to 
its spin, and the instrument package 
is free to rock in trunnions. This two- 
axis rotation permits the instruments 
to hold on the sun despite rocket spin 
and yaw. 


Sun Has Different Faces 


The average person seems to think 
of the sun as a smooth yellowish disk 
occasionally marred by small dark 
blemishes called sunspots. The as- 
tronomer, however, finds that the sun 
has as many different faces as he can 
find wavelengths of radiation in which 
to observe it. In the red light of ex- 
cited hydrogen, it shows fuzzy, lacy, 
bright areas called plages, and a tur- 
bulent, grainy surface. In calcium 
violet light, it shows a mottled surface 
that has been likened to the skin of 
an orange, with the plage regions 
showing even brighter. 

With more refined techniques, we 
now see evidence of weather in differ- 
ent parts of the solar atmosphere, and 
can attempt to correlate changes in 
solar weather with our terrestrial ion- 
ospheric weather and even the local 
tropospheric weather. The Lyman-a 
picture clearly shows that the radiation 
is emitted from spots and patches over 
the solar surface, and this seems to be 
consistent with the observed wide 
range of variations and rapid changes 
in quality of radio propagation. When 
combined eventually with television 
techniques, ultraviolet cameras will 
permit us to photograph the sun 
routinely in the most important short- 
wave radiations and to obtain daily 
solar weather reports for predictions 
of terrestrial responses. 
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As for the night sky, NRL rocket 
experiments by T. A. Chubb, E. T. 
Byram, J. E. Kupperian Jr. and others 
have given us a strange and unex- 
pected picture of the celestial sphere 
in invisible ultraviolet light (January 
1959, Astronautics, page 26). The 
most brilliant visible stars are missing. 
Instead the sky is diffused with a 
bright glow of ultraviolet Lyman-q@ ra- 
diation, characteristic of excited hy- 
drogen atoms, and _ splotched with 
great ultraviolet luminescent clouds or 
nebulosities. The diffuse glow of Ly- 
man-a which covers the entire night 
sky exceeds the intensity of all visible 
star light. It appears that the origin of 
this radiation is solar Lyman-a@ re- 
flected back from space by neutral 
hydrogen atoms. 

How the reflecting hydrogen is dis- 
tributed in space is still not entirely 
clear. If the hydrogen is interplane- 
tary, it is necessary that there be of 
the order of a few tenths of a neutral 
atom per cc spread over a distance of 
an astronomical unit (93 million 


Giant Klystron for 
Long-Pulse Radar 


Developed by Varian Associates under 
sponsorship of the Air Force, this 
giant klystron, measuring 12 ft long 
and weighing 900 lb, generates very 
high average power for long pulse 
radar. 


miles). For every neutral atom, there 
must be of the order of 100 ionized 
atoms (protons) and electrons. If, 
instead, the hydrogen surrounds the 
earth in the form of a geo-corona ex. 
tending perhaps to distances as far 
as the moon, then the density would 
on the average be 400 times as great, 


Above 300 Mile 


Above 300 miles, the ionization of 
the outer atmosphere and interplane- 
tary space has been estimated from a 
variety of indirect measurements, 
Russian scientists recently completed 
a study of the zodiacal light in the 
night sky of the Libyan Desert which 
indicates that the light is produced 
primarily by scattering from fine cos. 
mic dust rather than from gas. They 
set an upper limit of not more than 
20-30 atoms and free electrons per ce 
on the gas density at the distance of 
the earth’s orbit. These numbers are 
not inconsistent with the rocket re- 
sults. 

Radio whistlers, which are audio 
frequencies generated by lightning 
flashes, travel from one hemisphere to 
the other along magnetic lines of force 
arcing thousands of miles into space 
above the equator. To transmit these 
waves, space at a distance of several 
earth radii must contain about 600 
electrons per cc. Over the course of 
a year, it is estimated that the sun 
evaporates as much as 100 million 
tons of hydrogen ions. At the dis- 
tance of the earth, this amounts to 
about 100 particles per cc. The ac- 
celeration of comets’ tails away from 
the sun is attributed to streams of gas 
from the sun carrying from a thousand 
to a hundred thousand particles per cc. 

A knowledge of the distribution of 
hydrogen in the solar system is of 
fundamental importance to all theories 
of sun-earth relationships and the life- 
time of charged particles caught in 
the Van Allen belts. NRL is planning 
several experiments which may help 
to settle this question of hydrogen dis- 
tribution. 

For example, it should be possible 
to map the change in overhead bright- 
ness of the hydrogen glow by means 
of a rocket traveling out to distances 
of 10 or 20 earth radii and from such 
data to derive the vertical distribution 
of hydrogen. Also, refined spectros- 
copic studies of the shape of the 
Lyman-q@ emission lines from the sun 
and from the night sky should provide 
important clues to the amount of hy- 
drogen between the sun and the earth 
and the temperature of the interplane- 
tary or geo-coronal gas. 
~ Based on a paper presented at the ARS 1959 
Semi-Annual Meeting and Astronautical Expo- 


sition held June 8-12 at the El Cortez Hotel, 
San Diego, Calif. 
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THESE MEN DO ALMOST NOTHING BUT THINK 


Unique new group helps Westinghouse anticipate 
and plan for future military needs 


It’s harder than ever to stay out front in defense. 

Weapons systems are now fantastically complex. 
New innovations—like thermoelectricity and mole- 
cular electronics—threaten to make key subsystems 
obsolete overnight. New developments may sud- 
denly reduce the tactical usefulness of a U. S. 
weapons system. 

Westinghouse, like many other firms, has been 
concerned about how to meet this problem—and how 
to organize its many R&D and manufacturing oper- 
ations to more effectively support America’s increas- 
ingly complex defense needs. It seemed that the 
organization which had worked fine in the past simply 
wasn’t adequate for anticipated future demands. 

So things were completely reorganized in February, 
1958. A new Defense Products Group was estab- 
lished, centralizing control of all defense-oriented 
activities within the company. 


But a most interesting—and promising—part of 
this new organization, the new Westinghouse Ad- 
vanced Systems Planning Group (now commonly 
called WASP), wasn’t announced publicly until 
August. 

This was a significant development. Since tech- 
nology is moving faster than ever before, there’s a 
real need to effectively anticipate what will be needed 
in 5 or 10 years. If this can be done, longer-lived 
defense systems can be developed more quickly and 
substantial sums can be saved. WASP should be able 
to provide the advance thinking needed by Westing- 
house to meet this need. 

Staffed with hand-picked engineers and scientists— 
specialists in electronics, outer space, atomic power, 
ASW, operations research, etc.—and headed by Allan 
Chilton (top center photo above), WASP operates on 
a unique charter: to concern itself primarily with 
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“The idea is sound, but how can we keep it 
from burning up? Present insulations won't 
work. How about ablative heat sinks? No— 
they won't work either in this case.” 


complete advanced weapons systems, to deal with} to t; 
the ‘‘whole”’ instead of ‘‘parts’’. equi 

This is not just a “blue-sky thinking” assignment} T 
Westinghouse believes future defense needs will be} A n 
so complex that only a full-time team of specialists—} |ists 
like WASP—will be capable of the kind of conceptual} indi 
planning and guidance needed. cape 

There’s another reason why defense planners will] pow 
be interested in WASP. This new group gives thems} This 
single point of contact within one of America’s} can 
largest and most versatile industrial firms to which} syst 
they can take immediate and long-range defens} *, 
problems. No longer will it be necessary for someon¢} requ 


“.. son, it circles the earth at 18,000 TOP ENGINEER AT WASP, “ 


miles an hour.’” Space consultant, K. Rein Kroon joined Westinghouse t 
Satyendra, a Ph.D. from India, keeps in 1931. Among other accom: 
MATCHING NAVAL REQUIREMENTS with Westinghouse WASP and other company scientists  plishments, he headed the er: 
: capabilities, Leonard Dow, a professional career specialist in abreast of space needs. He is anauthor- gineering group responsible for 
a hee naval strategy, tactics, and weapons systems, is associating ity in mission, trajectory, and communi- the design of the first American 


advanced technology to future naval systems. cation concepts. turbojet engine for aircraft. 
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about either method2” 


to try to guess which Westinghouse division is best 
equipped to tackle a given job. 

This is a bigger advantage than might be apparent. 
A newly-published capabilities chart*, for example, 
lists 29 different Westinghouse facilities and, for each, 
indicates specific study, design, or manufacturing 
capabilities in 33 different areas (infra-red, rocket 
powerplants, torpedoes, missile base equipment, etc. ). 
This same chart lists 16 Westinghouse facilities which 
can handle system analysis and 7 capable of complete 
system management. 

*Available to qualified individuals and firms upon 
request. 


“Could we deflect enemy ICBM's by sending them false signals at the 
time of launching? If so, could this be done from distant transmitters? 
Could this be done automatically from remote un-manned stations?” 


“What's the best way to destroy an enemy reconnaissance satellite2 
Attack it from earth? Or from another satellite? How would we go 


MAN ON THE MOVE, Bill Robinson has his sights on tomorrow's 
systems and provides guidance for WASP in planning for future 
Department of Defense needs. 


Westinghou se 


DEFENSE PRODUCTS 


1000 CONNECTICUT AVE., NW, WASHINGTON 6, D.C. 


you CAN BE SURE... 1F 17s Westi nghouse 
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ARS news 


10 Technical Sessions Set for Propellant Thermo- 
dynamics and Handling Conference at Ohio State-Univ. 


To solve the engineering problems 
associated with the handling of today’s 
high-energy and storable propellants, 
a good deal of basic physical, chemi- 
cal, and thermodynamic data are re- 
quired. The ARS Propellant Thermo- 
dynamics and Handling Conference, 
to be held at Ohio State Univ., Co- 
lumbus, Ohio, July 20-22, will cover 
such problems in detail, while also 
discussing the advances which have 
taken place in the calculation and 
prediction of thermodynamic processes 
by computers. 

The meeting, fourth in a series of 
such speeial ARS subject conferences 
this year, is sponsored by the ARS 
Propellants and Combustion Com- 
mittee in cooperation with Battelle 
Memorial Institute and the Aeronauti- 
cal Engineering Dept. of Ohio State. 
The ARS Columbus Section is in 
charge of meeting arrangements. 
Loren E. Bollinger of Ohio State and 
Alexis W. Lemmon Jr. of Battelle are 
the general co-chairmen of the con- 
ference. 

Highlights of the meeting include 
10 technical sessions, covering thermo- 
dynamic properties of propellants, 
handling of high-energy fuels, han- 
dling of fluorine, thermodynamics and 
combustion processes, rocket perform- 
ance calculation techniques, combus- 
tion, propellant handling, and_per- 
formance analysis and thermodynam- 
ics; two luncheons and a banquet, with 


Rear Adm. John E. Clark (USN), 
ARPA deputy director, scheduled to 
be the banquet speaker; and field trips 
to the Janitrol Aircraft Div. of Surface 
Combustion Corp., the Aerodynamic 
Research Lab at Ohio State, and the 
Nuclear Center at Battelle. 

Conference proceedings will be 
published later this year. 

The full meeting program follows: 


Monday, July 20 
THERMODYNAMIC PROPERTIES 
OF PROPELLANTS 


9:00 a.m. East Ballroom 


Ohio Union 


Chairman: Charles W. Beckett, National 
Bureau of Standards, Washington, D.C. 
Vice-Chairman: Joseph Hilsenrath, Na- 
tional Bureau of Standards, Washington, 

D:C. 

Thermal Functions of the Major Vapor 
Species in the B-O-H System at Elevated 
Temperatures, David White, Ohio State 
Univ., Columbus, Ohio; David E. Mann, 
National Bureau of Standards, Washing- 
ton, D.C.; Patrick N. Walsh, and Armin 
Sommers, The Ohio State Univ. 

+ Thermodynamic Properties of the Water— 
Boric Oxide and Water—Lithium Oxide 
Systems by Mass Spectrometric Methods, 
William A. Chupka, Joseph Berkowitz, 
and David J. Meschi, Argonne National 
Lab., Lemont, III. 

+Spectra and Thermodynamic Properties 
of Light Element Oxides and Hydroxides, 
Leo H. Spinar, Sterling P. Randall, Frank 
T. Greene, and John L. Margrave, Univ. of 
Wisconsin, Madison, Wis. 

Detonation Velocity Study of the Dibo- 
rane—Air System, Frederick Martin and 
Paul Kydd, General Electric Research 


Ohio Union building at Ohio State Univ., scene of the ARS Propellant Thermo- 
dynamics and Handling Conference July 20-22. 
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Lab., Schenectady, N.Y., and William 
Browne, General Electric Flight Propul- 
sion Lab., Cincinnati, Ohio. 


HANDLING OF HIGH-ENERGY FUELS 


9:00 a.m. Conference Theatre 


Ohio Union 


Chairman: Lt. Col. John D. Seaberg, Air 
Research and Development Command, 
Washington, D.C. 

Vice-Chairman: Mare Dunham, Wright 
Air Development Center, Wright-Patter- 
son AFB, Ohio. 

¢Large Scale Production, Storage, and 
Transportation of Liquid Hydrogen, P. C. 
Vander Arend, Air Products, Inec., Allen- 
town, Pa. 

Safety Aspects in Handling and Storage of 
Liquid Hydrogen, W. A. Sawyer, F. E. 
Maddocks, L. H. Cassutt, A. D. Little, 
Inc., Cambridge, Mass. 

4Experience with Handling Liquid Hydro- 
gen in Iingine Testing, C. D. Robin, Pratt 
and Whitney Aircraft, West Palm Beach, 
Fla. 

¢Handling, Transfer, and Storage of High 
Energy Borane Rocket Fuels, Paul Knoll, 
Olin-Mathieson Chemical Corp., Niagara 
Falls, N. Y. 


LUNCHEON 


Ballroom 
Ohio Union 


Toastmaster: Loren Bollinger, 1958 
President, ARS Columbus Section. 

Introduction: Harold A. Bolz, Dean, Col- 
lege of Engineering, Ohio State Univ., 
Columbus, Ohio. 

Speaker: Gordon B. Carson, Vice-Presi- 
dent—Business and Finance, Ohio State 
Univ., Columbus, Ohio. 


Noon East 


THERMODYNAMIC PROPERTIES 
OF PROPELLANTS 


East Ballroom 
Ohio Union 


Chairman: Charles W. Beckett, National 
Bureau of Standards, Washington, D.C. 

Vice-Chairman: Joseph Hilsenrath, National 
Bureau of Standards, Washington, D.C. 

#Quantum Mechanical Studies of the Prop- 
erties of Diatomie Molecules of the Light 
Elements, Clemens J. Roothaan, Univ. of 
Chicago, Chicago, Ll. 

#Current Thermodynamic Research on 
Light Element Compounds at the National 
Bureau of Standards, Thomas B. Douglas, 
National Bureau of Standards, Washing- 
ton, D.C. 

¢#Some Aspects of Fluorine Flame Spectro- 
scopy, David Ek. Mann, National Bureau of 
Standards, Washington, D.C. 

4#Some Physical Properties and the Struc- 
ture of Liquid Boron Trioxide, J. D. Mack- 
enzie, General Electric Research Lab. 
Schenectady, N.Y. 


2:00 p.m. 


HANDLING OF FLUORINE 


PART I 
2:00 p.m. Conference Theatre 
Ohio Union 
Chairman: Hans R. Neumark, General 
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u. S. ARMY ANTI-MISSILE MISSILE 


The man: 


... a top missile scientist at White 
Sands, N. M., missile range where 
preliminary Nike Zeus tests take 
place. He is a key member of the 
highly specialized military-civilian 
team that is putting this agile anti- 
missile missile through its develop- 
ment stages. 

When Zeus goes on active duty, it 
will follow Douglas Nike Ajax and 
Hercules missiles into service with 
the North American Air Defense 
Command. And it will be main- 
tained by Army personnel assisted 
by Douglas field service men who 
have extensive experience in the 
Nike program. 


Depend on D O U AS 


_ The Nation's Partner in Defense 


The mission: 


. . . anti-missile defense. Zeus will 
roar out from emplacements around 
cities and industrial and military 
areas to intercept approaching 
enemy ICBM’s... or bombers. 


/ 


The missile: 


... Nike Zeus is being developed by 
Douglas under a Western Electric- 
Bell Telephone program. System 
will include electronic detection gear 
to pick up enemy ICBM’s at ex- 
treme range and then guide Zeus 
out to destroy them. Vital statistics. 
CLASSIFIED. 
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Chemical Div., Allied Chemical Corp., 
Morristown, N.J. 

Vice-Chairman: Edmund R. Jonash, Lewis 
Research Center, National Aeronautics 
and Space Administration, Cleveland, 
Ohio. 

Transportation, Transfer, and Stor- 
age of Liquid Fluorine, J. M. Siegmund, 
General Chemical Div., Atlied Chemical 
Corp., Morristown, N.J. 

Materials of Construction for Handling 
Fluorine, F. W. Fink and KE. L. White, 
Corrosion Research Div., Battelle Memo- 
rial Institute, Columbus, Ohio. 

+The Toxicity of Fluorine and Hydrogen 
Fluoride, BE. J. Largent, Reynolds Metals 
Co., Richmond, Va. 

Some Problems in Using Fluorine in Rocket 
Systems, Harold W. Schmidt and Edward 
A. Rothenberg, Lewis Research Center, 
National Aeronauties and Space Adminis- 
tration, Cleveland, Ohio. 


BANQUET 
7:30 p.m. Grand Ballroom 
Deshler-Hilton Hotel 


Toastmaster: Emerson W. Smith, Presi- 
dent, Columbus Section ARS. 

Introduction: Capt. Charles MceCombs, 
U.S.N., Professor of Naval Science, Ohio 
State Univ. Columbus, Ohio. 

Speaker: Rear Adm. John E. Clark, U.S.N., 
Deputy Director, Advanced Research 
Projects Ageney, Washington, D.C. 


TUESDAY, JULY 21 


THERMODYNAMICS AND 
COMBUSTION PROCESSES 


9:00 a.m. Room 331 


Ohio Union 


Chairman: James A. Bierlein, Wright Air 
Development Center, Wright-Patterson 
AFB, Ohio. 

Vice-Chairman: Marion L. Smith, Ohio 
State Univ., Columbus, Ohio. 

Thermodynamics of the Steam Rocket—1, 
Ideal Performance, Denis J. Zigrang, The 
Martin Co., Denver, Colo. 

Thermodynamics of the Steam Rocket— 
II, Effect of Condensation Shocks on Per- 
formance, Arthur Widawsky, North Am- 
erican Aviation, Inc., Downey, Calif. and 
Denis J. Zigrang, The Martin Co., Denver, 
Colo. 

Propagation of Sound Waves Through 
Chemically Reacting Gas Mixtures, Sheng 
T. Chu and Rudolph Edse, The Ohio State 
Univ., Columbus, Ohio. 

Propagation of Shock Waves Through 
Chemically Reacting Gas Mixtures, Ru- 
dolph Edse, The Ohio State University 
Columbus, Ohio. 


HANDLING OF FLUORINE 
PART II 

9:00 a.m. Conference Theatre 

Ohio Union 


Chairman: Hans R. Neumark, General 


President 

Vice-President 

Executive Secretary 
Treasurer 

Secretary and Asst. Treasurer 
General Counsel 

Director of Publications 


James R. Dempsey 1961 
Alfred J. Eggers Jr. 1959 


Krafft Ehricke 1959 
Samuel K. Hoffman 1960 
J. Preston Layton 1960 
A. K. Oppenheim 1961 


William H. Pickering 1961 


Lawrence S. Brown, Guidance and 
Navigation 


Milton U. Clauser, Hydromagnetics 


William H. Dorrance, Hypersonics 

Herbert Friedman, Instrumentation 
and Control 

George Gerard, Materials and 
Structures 

Milton Greenberg, Physics of the 
Atmosphere and Space 

Stanley V. Gunn, Nuclear Propulsion 

Andrew G. Haley, Space Law and 
Sociology 

Samuel Herrick, Flight Mechanics 


Max Hunter, Missiles and Space 
Vehicles 


American Rocket Society 


500 Fifth Avenue, New York 36, N. Y. 
Founded 1930 


OFFICERS 


BOARD OF DIRECTORS 


(Terms expire on dates indicated) 


Maurice J. Zucrow 1960 


TECHNICAL COMMITTEE CHAIRMEN 


Kurt H. Debus, Logistics and Operations 


John P. Stapp 
Howard S. Seifert 
James J. Harford 

Robert M. Lawrence 
A. C. Slade 
Andrew G. Haley 


Irwin Hersey 


Simon Ramo _ 1960 

H. W. Ritchey 1959 
William L. Rogers 1959 
David G. Simons 1961 
John L. Sloop 1961 
Martin Summerfield 1959 
Wernher von Braun 1960 


David B. Langmuir, Ion and Plasma 
Propulsion 


Y. C. Lee, Liquid Rockets 

Max Lowy, Communications 

Harold W. Norton, Test Facilities and 
Support Equipment 

Paul E. Sandorff, Education 

William Shippen, Ramjets 

John L. Sloop, Propellants and 
Combustion 

Ivan E. Tuhy, Solid Rockets 


Stanley White, Human Factors and 
Bio-Astronautics 


George F. Wislicenus, Underwater 
Propulsion 


Abe Zarem, Non-Propulsive Power 
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Chemical Div., Allied Chemical Corp., 
Morristown, N.J. 

Vice-Chairman: Edmund R. Jonash, Lewis 
Research Center, National Aeronautics 
and Space Administration, Cleveland, 
Ohio. 

Fluorine Disposal, James Rollbuhler, Lewis 
Research Center, National Aeronauties 
and Space Administration, Cleveland, 
Ohio. 

Decontamination of Fluorine Spills, Part 
1—Laboratory and Pilot Plant Studies, 
J. M. Siegmund, General Chemical Diy,, 
Allied Chemical Corp., Morristown, N.J. 

Decontamination of Fluorine Spills, Part 
IIl—Large-Scale Spills of Liquid Fluorine, 
N. J. Vanderhyde and Lt. R. P. Rickey, 
Air Force Flight Test Center, Edwards Air 
Force Base, Calif. 


ROCKET PERFORMANCE 
CALCULATION TECHNIQUES 


9:00 a.m. East Ballroom 


Ohio Union 


Chairman: David Altman, United Research 
Corp., Menlo Park, Calif. 

Vice-Chairman: James J. Ward, Battelle 
Memorial Institute, Columbus, Ohio. 

+A General Computer Program for Cal- 
culation of Rocket-Engine Performance 
Parameters, P. A. Crisman, 8. R. Gold- 
wasser, and P. J. Petrozzi, Aerojet-General 
Corp., Sacramento, Calif. 

Rocketdyne N-Element Performance 
Program, Jack Silverman Roger 
Wilkins, Rocketdyne Div., North Ameri- 
can Aviation, Canoga Park, Calif. 
Theoretical Calculations in Gaseous De- 
tonation, Charles L. Eisen, Fairchild En- 
gine and Airplane Corp., Deer Park, N.Y. 

+A General Method of Computing Rocket 
Performance for an IBM 650, Sanford 
Gordon, Frank Zeleznick and Vearl N. 
Huff, Lewis Research Center, National 
Aeronautics and Space Administration, 
Cleveland, Ohio. 


LUNCHEON 


East Ballroom 
Ohio Union 


Toastmaster: Alexis W. Lemmon Jr., Con- 
ference Co-Chairman. 

Introduction: John W. Clegg, Manager, 
Department of Chemical Engineering, 
Battelle Memorial Institute, Columbus, 
Ohio. 

Speaker: Bertram D, Thomas, President, 
Battelle Memorial Institute, Columbus, 
Ohio. 


Noon 


COMBUSTION 
2:00 p.m. Room 331 
Ohio Union 
Chairman: George R. Gehrkens, North 


American Aviation, Inc., Columbus Div., 
Columbus, Ohio. 

Vice-Chairman; Samuel Kaye, Convair 
Scientific Research Lab., San Diego, Calif. 

¢Caleulation of Detonation Parameters for 
Gaseous Mixtures, Bernard T. Wolfson 
and Robert G. Dunn, Aeronautical Re- 
search Lab., Wright Air Development 
Center, Wright-Patterson AFB, Ohio. 

+ iffect of Initial Pressure and Temperature 
on the Detonation Induction Distances in 
Hydrogen-Oxygen and Acetylene-Oxygen- 
Nitrogen Mixtures, Loren FE. Bollinger 
and Rudolph Edse, Department of Acro- 
nautical Engineering, Ohio State Univ., 
Columbus, Ohio. 

+ Problems Connected with the Afterburning 
of Rocket-Exhausts, H. G. Wolfhard, Reac- 
tion Motors Div., Thiokol Chemical Corp.. 
Denville, N.J. 

Handling of Exhaust Products from Ram- 
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NEW ROCKET BLAST PROTECTION — by Swedlow 


New ablative/insulative wrapping by Swedlow protects Atlas missile 
launcher tubes from direct rocket blast up to 5000°F. The materials and 
methods developed to meet this extreme demand hold great promise for 
many other applications requiring resistance to elevated temperatures. 

To meet the rigid standards for this CONVAIR missile Swedlow has 
developed methods of: 


(1) Impregnating a refractory silica fabric with a Swedlow modi- 
fied high temperature phenolic resin, and 


(2) Covering the 4” to 1” tubes and pressure vessels shown above, 


Swed 


by tension winding with augmented pressure —a highly skilled 
operation, and 
(3) Special heat treating or curing for maximum shock temperature 
resistance. 
Here is another of Swedlow’s contributions to industry, including high 
temperature resistance welded honeycomb core products, high tempera- 
ture materials, heat reflective laminates, stretched acrylic transparent 
glazing materials and others. 
Write for technical bulletin “S” entitled “High Temperature 
Phenolic Laminates.” Please refer to Dept. 18. 


SWeED LOW lne Los Angeles 22, California / Youngstown 9, Ohio 
a Formerly Swedlow Plastics Company 
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jet Testing of Boron-Containing Fuels, 
Daniel W. Dembrow, Applied Physics 
Lab., The Johns Hopkins University, 
Silver Spring, Md. 


PROPELLANT HANDLING 
2:00 p.m. Conference Theatre 
Ohio Union 


Chairman: Robert B. Filbert Jr., Battelle 
Memorial Institute, Columbus, Ohio. 

Vice-Chairman: Winston L. Hole, The Ohio 
State Univ. Research Foundation, Colum- 
bus, Ohio. 

Liquid Ozone—Effect of Low Ozone Con- 
centrations on Combustion [Efficiency and 
Propellant Handling, Riley O. Miller, 
Lewis Research Center, National Aero- 
nautics and Space Administration, Cleve- 
land, Ohio. 

+ Analysis of the Rapid Cooldown of a Liquid 
Oxygen Loading System, Martin M. 
Koshar and John Hoerning, The Martin 
Co., Denver, Colo. 

+A New Solution to the Missile Prelaunch 
Aerodynamic Heating Problem Through 
the Use of Storable Liquid Rocket Power- 
plants, Nathaniel Hughes, Reaction 
Motors Div., Thiokol Chemical Corp., 
Denville, N.J. 

+The Development of a Corrosion Inhibitor 


for Fuming Nitric Acids, Sam A. Long, 
William H. Bergdorg, and Edward J. 
Kinsley, Bell Aircraft Corp., Buffalo, N.Y. 


PERFORMANCE ANALYSIS 
AND THERMODYNAMICS 


2:00 p.m. East Ballroom 


Ohio Union 


Chairman: Peter L. Nichols Jr., Poulter 
Labs. Stanford Research Institute, Menlo 
Park, Calif. 

Vice-Chairman: Richard Bowman, Bat- 
telle Memorial Institute, Columbus, Ohio. 

¢+liffects on Rocket Performance! Resulting 
from Chemical Reactions in Expansion 
Processes, Milton Farber and A. Lucile 
Cox, Aircraft Div., Hughes Tool Co., Cul- 
ver City, Calif. 

4#Comparison of Specific Impulse Measured 
Experimentally with Theoretical Values 
Calculated for Various Non-Ideal Condi- 
tions, Leonard Garden, Aerojet-General 
Corp., Sacramento, Calif. 

#The Analysis of Some Uncertainties in 
Performance Calculations, Walter H. 
Jones, Aeronutronic Systems, Ine., Glen- 
dale, Calif. 

#Thermodynamic Properties of Propellant 
Combustion Products, Robert Altman, 
Rocketdyne, North American Aviation, 
Ine., Canoga Park, Calif. 


1000 Attend “Best Ever’ Telemetering Conference 


“The best meeting ever held on 
telemetering.” That about sums up 
the Tenth Annual National Teleme- 
tering Conference in Denver May 25- 
27, since this was the most frequently 
heard comment about the meeting 
from those in attendance. 

Co-sponsored by ARS, AIEE, IAS, 
and ISA, with the meeting this year 
the responsibility of ARS, the confer- 
ence attracted an attendance of more 


than 1000 people, anxious to hear 
some 50 technical papers delivered at 
10 sessions; to sit in on two impressive 
panel discussions; to see and_ talk 
about the latest in telemetry equip- 
ment and components on display at 
the exhibit which was a feature of 
the meeting; and to witness the pre- 
sentation of the first National Telem- 
etering Conference Award. 

They also had an opportunity to 


ARS Paper Deadlines 
Date Meeting Location *Deadline 
1959 
July 20-22 Propellant Thermo- = Ohio State Univ. Past 
dynamics & Han- 
dling Conference 
Aug. 24-26 Gas Dynamics Sym- Northwestern Univ. Past 
posium 
Aug.31- 10th IAF Congress Westminster, London Past 
Sept. 5 
Nov. 16-20 14th Annual Meeting Washington, D.C. Aug. 17 
1960 
Jan, 28-29 Solid Propellants Princeton Univ. Nov. 16 
Conference 
* For reviewed and approved manuscripts in the New York office. Subtract 30 
days for unsolicited papers that must go through the reviewing procedure and 60 days 
for abstracts submitted for consideration. Send all papers and abstracts to Meetings 
Manager, ARS, 500 Fifth Ave., New York 36, N.Y. 
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hear addresses by Cmdr. Robert F. 
Freitag (USN), Pacific Missile Range 
Planning Officer, and Joseph A. Boyd, 
director of the Willow Run Labora. 
tories of the Univ. of Michigan, at the 
two conference luncheons, and_ the 
first public address by Maj. Gen. O. J, 
Ritland (USAF) since his appoint. 
ment to succeed Lt. Gen. Bernard A, 
Schriever as commanding general of 
the AF Ballistic Missile Div., at the 
banquet. Field trips to the nearby 
Air Force Academy at Colorado 
Springs, Martin-Denver, and the Na- 
tional Bureau of Standards at Boulder 
constituted an added attraction. 
With conference proceedings (con- 
taining almost all the papers  pre- 
sented) available before the meeting 
began, the technical sessions—devoted 
to system integrity, miniaturization, 


components, ground stations, data 
processing, biomedical _ telemetry, 
measurement and control, and RF 


components and techniques—were rel- 
atively informal, with authors present- 
ing brief summaries of their papers. 
rather than attempting to read the full 
text. This method encouraged dis- 
cussion, and lengthy question-and- 
answer periods and full-scale analyses 
of the subject were the rule, rather 
than the exception, at the meeting. 

The two panel discussions were un- 
doubtedly conference highlights. The 
first, devoted to the Past, Present, and 
Future of Space Investigation, in line 
with the meeting’s “Investigation of 
Space” theme, and bringing together 
William H. Pickering of JPL, George 
Mueller of Space Technology Labs, 
John P. Hagen of NASA, F. J. Krieger 
of Rand Corp. (see page 43), and 
Col. John P. Stapp, chief of the AF 
Aero Medical Lab and ARS President. 
with conference chairman Max A. 
Lowy of Data Control Systems as 
moderator, was generally acknowl- 
edged to be one of the very finest ever 
devoted to the subject. The second 
panel, devoted to the Future of Te- 
lemetering, was chaired by W. J. 
Mayo Wells of the National Bureau of 
Standards, organizer of the first Na- 
tional Telemetering Conference 10 
years ago, and presented with the first 
conference award—an Atmos clock—at 
the banquet. This panel was made 
up of eight experts who took part in 
a stimulating discussion of where 
telemetry was going and what the ba- 
sic needs were in such fields as mis- 
siles, astronautics, underwater explora- 
tion, geological experiments, etc. 

In his banquet address, Gen. Rit- 
land discussed the AF ballistic missile 
program and the importance of te- 
lemetry to the program, while touching 
on the contributions being made by 
Thor and Atlas to the nation’s space 
program. Cmdr. Freitag dealt with 
the nation’s missile ranges, noting that, 


—— 
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WRITE AVCO TODAY. 


Space age research gets a new headquarters — One of the largest and best-equipped research 
facilities in the nation is the new 16-million-dollar Avco Research Center at Wilmington, Massachusetts. Here, 
research and development in space age technology is already being conducted in areas ranging from missile 


re-entry to satellite design. From work such as this—and equally important work at the nearby Avco Research 


UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS.. 


Laboratory—will come further contributions to national security and the conquest of space. 


AVCO MAKES THINGS BETTER FOR AMERICA / AVCO CORPORATION / 750 THIRD AVENUE, NEW YORK 17, N. Y. 
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in the not-too-distance future, the At- 
lantic and Pacific missile ranges, as 
well as the proposed equatorial range, 
the White Sands range, and_ other 
ranges, will be combined into one 
global range. Dr. Boyd’s address was 
concerned with the role of telemetry 
in combat surveillance and_ target 
acquisition. 

The impressive conference program, 
as well as the special events which 
marked it, were due in no small meas- 
ure to the conference committee, 
headed by National Chairman Max 


Telemetering Corp. of America, and 
Program Chairman Allan P. Gruer of 
Sandia Corp. Elliot Ring of Martin- 
Denver, president of the ARS Central 
Colorado Section, which acted as host 
section for the meeting, also is deserv- 
ing of a hand for his part in setting 
up meeting arrangements. 

—Irwin Hersey 


Six More Companies 
Become ARS Members 


Six more companies have become 


Lowy, Vice-Chairman Hugh Pruss of 


corporate members of the AMERICAN 


ARS Propellant Thermodynamics and Handling Conference, 
AIEE Air Transportation Conference, in conjunction with 1959 Sum- 
mer and Pacific General Meeting, Olympic Hotel, Seattle, Wash. 

ASME-AICE Heat Transfer Conference, Univ. of Connecticut, Storrs, 


1959 Western Electronic Show and Convention, San Francisco. 


ARS Gas Dynamics Symposium, Dynamics of Conducting 
American Physical Society 1959 Summer Meeting in the West, Univ. 
British Commonwealth Space Flight Symposium, Westminster, London. 
4th Int'l Symposium on Free Radical Stabilization, sponsored by Na- 
tional Bureau of Standards, at Dunbarton College Auditorium, Wash- 


10th Annual International Astronautical Federation Congress, 


Physical Chemistry in Aerodynamic Spaceflight Conference, jointly 
sponsored by AFOSR and GE MSVD, at Univ. of Pennslyvania, Phila- 


1959 Cryogenic Engineering Conference, Univ. of California, Berkeley, 
Midwestern Conference on Fluid and Solid Mechanics, Univ. of 
Industrial Nuclear Technology Conference, co-sponsored by Illinois 
American Welding Society Fall Meeting, Sheraton-Cadillac Hotel, 


Int'l Symposium on High Temperature Technology, sponsored by 


6ih National Symposium on Vacuum Technology, American Vacuum 
National Electronics Conference, co-sponsored by Illinois Inst. of 
IRE Professional Group East Coast Conference on Aeronautical and 
1959 National Conference of the Society of Photographic Scientists 
6th Annual Computer Applications Symposium, sponsored by [{Ilinois 
ARS 14th Annual Meeting and Astronautical Exposition, 


5th Int'l Automation Exposition and Congress, N.Y. Trade Show 


ARS Solid Propellants Conference, Princeton Univ., Princeton, 


10th Int'l Congress of Applied Mechanics, Congress Bldg., Stresa, 


On the calendar 
1959 
July 20-22 
Ohio State Univ., Columbus, Ohio. 
July 24-26 
Aug. 9-12 
Conn. 
Aug. 18-21 
Aug. 24-26 
Fluids, Northwestern Univ., Evanston, lil. 
Aug. 27-29 
of Hawaii, Honolulu. 
Aug. 28-29 
Aug. 31-Sept. 2 
ington, D.C. 
Aug. 31- 
Sept. 5 Westminster, London. 
Sept. 
delphia. 
Sept. 2-4 
Calif. 
Sept. 
Texas, Austin. 
Sept. 22-24 
Inst. of Tech., at Morrison Hotel, Chicago. 
Sept. 28- 
Oct. | Detroit, Mich. 
Oct. 6-9 
Stanford Research Institute, at Asilomar, Calif. 
Oct. 7-9 ASME-AIME Solid Fuels Conference, Cincinnati, Ohio. 
Oct. 7-9 
Society, Sheraton Hotel, Philadelphia. 
Oct. 12-14 
Tech., at Hotel Sherman, Chicago. 
Oct. 26-28 
Navigational Electronics, Lord Baltimore Hotel, Baltimore, Md. 
Oct. 26-30 
and Engineers, Edgewater Beach Hotel, Chicago. 
Oct. 28-29 
Inst. of Tech., at Morrison Hotel, Chicago. 
Nov. 16-20 
Washington, D.C. 
Nov. 16-20 
Bldg., New York, N.Y. 
1960 
Jan. 28-29 
Aug. 
Sept. 7 Italy. 
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Rocker Society. The companies, 
their areas of activity, and those named 
to represent them in Society activities 
are: 

Astro-Electronic Products Div. of 
Radio Corporation of America, Prince- 
ton, N.J., engaged in complete satellite 
and space vehicle payload design, in- 
cluding supporting ground systems and 
subsystems. Representing the com- 
pany in ARS are Barton Kreuzer, man- 
ager, marketing; Sidney Sternberg, 
chief engineer; E. A. Goldberg, man- 
ager, design engineering; Donald L. 
Gunter, manager, market develop- 
ment; and M. G. Staton, planning ad- 
ministrator. 

Defense Systems Dept. of General 
Electric Co., Syracuse, N.Y., which 
will be represented by A. A. Ficket, 
special program section; G. L. Haller, 
vice-president, Defense Electronics 
Div.; R. C. Raymond, Technical Mili- 
tary Planning Operation; Gen. H. 
Hansell, J. K. Record, and R. L. Shet- 
ler, of the Defense Systems Dept. 

Giannini Plasmadyne Corp., Santa 
Ana, Calif., engaged in research work 
on electric (plasma) and other ad- 
vanced propulsion systems for space 
vehicles, and in high-temperature gas 
research and re-entry simulation. De- 
signees are Ralph H. Goodwin, vice- 
president and treasurer; Adriano C, 
Ducati, vice-president, development 
engineering; Ralph W. Waniek, direc- 
tor of research, Magnetohydrody- 
namics Lab; Robert D. Webb, man- 
ager, Product Div.; and Delbert G. 
Van Ornum, manager, Space Physics 
Lab. 

Space/ Aeronautics Magazine, 205 
East 42 St., New York 17, N.Y., pub- 
lishers. Representing the company are 
William G. Maass, publisher; R. Haw- 
thorne, editor; J. Holahan, electronics 
editor; V. DeBiasi, systems editor; and 
D. Ewald, sales manager. 

Space Technology Laboratories, 
Inc., P.O. Box 95004, Los Angeles 45, 
Calif., engaged in systems engineering 
and _ technical direction of Air Force 
ballistic missile programs; research and 
development of space vehicle systems, 
including propulsion, airframe, nose 
cone, GSE; advanced guidance tech- 
niques; telecommunications systems, 
including microminiaturization; envi- 
ronmental testing; advanced airborne 
computers; fundamental physical re- 
search in the fields of magnetohydro- 
dynamics, plasma physics, and super- 
conductivity. Representing the com- 
pany in ARS are Louis G. Dunn, presi- 
dent; Reuben F. Mettler, executive 
vice-president; William M. Duke, vice- 
president and director, R&D Div.; Mil- 
ton U. Clauser, vice-president and 
director, Physical Research Lab; Allen 
F. Donovan, vice-president for Ad- 
vanced Systems Planning. 


DEPENDABILITY 


another outstanding attribute of 


DIMAZINE 


unsym-Dimethylhydrazine, UODMH 


THE STORABLE FUEL 


Performance data on DIMAZINE-powered 
rocket engines in military missiles and satel- 
lite launching vehicles shows DIMAZINE 
to be a highly reliable rocket fuel. 


DIMAZINE provides fast, dependable hy- 
pergolic starts followed by smooth, stable 
combustion and easier shutdowns. Depend- 
able instant readiness is assured for years by 
its outstanding stability during storage in 
missiles. It also has high performance, high 


thermal stability, low freezing point, low 
shock sensitivity, minimum susceptibility to 
contamination and high compatibility with 
almost all metals and appropriate sealing 
materials. 


These manifold advantages combine to 
make DIMAZINE the outstanding storable 
fuel. We will be pleased to work with you 
in evaluating DIMAZINE and to supply 
detailed data on its properties and handling. 


Putting ldeas to Work 


FOOD MACHINERY AND CHEMICAL CORPORATION 
Westvaco Chior-Alkali Division 


General Sales Offices: 
161 E. 42nd STREET, NEW YORK 17 
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ARS and ASME Presidents Issue 
Statement of Affiliation 


Formal announcement of the nature 
of the affiliation that exists between 
the American Society of Mechanical 
Engineers and ARS was made recently 
by ASME President Glenn B. Warren 
and ARS President John P. Stapp. 

The two societies have had formal 
agreements on affiliation since the 
mid-forties. This is the first statement, 
however, to be printed in the respec- 


tific and engineering activities. 


bership of the other Society. 


may be better served. 


rates: 


ARS Publications 


ARS Journal 
Astronautics 
Technical Papers 


ASME Publications 

Applied Mechanics Reviews 
Mechanics 

Mechanical Engineering 


ASME Transactions (Bound) 
(1958 Volume and earlier) 


Journal of Heat Transfer 


Individual technical papers 
Books, Codes, and Standards 


Glenn B. Warren, President 
American Society of Mechanical Engineers 


SECTIONS 


Alabama: Section members were 
special guests at ABMA’s third annual 
open house in February. Among 
other things, the members viewed a 
150-sec static test of the Jupiter mis- 
sile; toured the test area; and saw the 
million-pound thrust test stand used to 
test Jupiter, the test stand used to 
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tive Societies’ publications. Main ad- 
vantages of the affiliation are that ARS 
members can purchase ASME publi- 
cations at ASME member rates, and 
vice versa. Also, each can join the 
other Society without payment of ini- 
tiation fee (although ARS does not 
have an initiation fee). As in the past, 
members of the two Societies can 
attend each other’s meetings at mem- 
ber registration fee. 

The complete statement, including 
costs of publications, is below: 


The affiliation existing between The American Society of Mechanical Engineers and the 
American Rocket Society offers the membership of both Societies a broad spectrum of scien- 


Mutual cooperation is effected through an ASME-ARS Joint Committee and through 
representation of each Society on the appropriate governing body of the other. 


The advantages to the membership of each Society of this affiliation include the following: 


(a) Joint meetings at which the complete program of each Society is open to the mem- 


(b) Coordination of technical program planning through cooperation of professional 
divisions of the two Societies so that the interests of the members of both Societies 


(c) A member of one of the two Societies may become a member of the cther without 
payment of initiation or entrance fees in the second Society provided he can qualify 
for membership in the second Society. 


(d) Members of each Society are extended the privilege of purchasing publications of 
the other Society at the members’ rate. 


PMM-Journal of Applied Mathematics and 


(Quarterly, beginning January 1959): 


Journal of Basic Engineering 
Journal of Engineering for Power 
Journal of Engineering for Industry 
Journal of Applied Mechanics 


The following tabulation shows the existing 


Nonmembers Members 

$12.50 $ 6.25 
9.00 4.50 
.50 .25 
25.00 10.00 
35.00 28.00 
7.00 5.60 
30.00 15.00 
10.00 5.00 
10.00 5.00 
10.00 5.00 
10.00 5.00 
10.00 5.00 
.80 40 

Various 20% 
discount 


John P. Stapp, President 
American Rocket Society 


simulate flow problems and changes 
in structural loading, and the block- 
house where the multitude of informa- 
tion from a Jupiter test is continuously 
recorded. 

— David R. Mills 


Chicago: The April meeting fea- 
tured a tour of the Burnham Park Nike 
Site and the election of officers. The 


tour, conducted by Lt. Ellis, included 
a briefing and demonstrations of the ra- 
dar, launching, and assembly facilities, 

Elected to take office in May were 
C. Charles Miesse of Armour Re. 
search, president; Joseph Elward of 
Atlas Powder, vice-president; Allen 
Fuhs of Northwestern Univ. Techno- 
logical Institute, secretary; and Ben 
Harrison of Armour Research, treas- 
urer. 


Columbus: The final meeting of the 
current spring season was a_ladies- 
night dinner held in May at Ann-Ton’s 
Restaurant in Worthington, Ohio, 
James Harp, vice-president and _pro- 
gram chairman, introduced guest 
speaker Richard J. Anderson, assistant 
to the director of Battelle Memorial 
Institute, whose topic was “Journey 
into Ignorance.” 

This was a description and commen- 
tary on the purposes, methods, and re- 
sults of investigations during the In- 
ternational Geophysical Year, in which 
were reviewed study of the earth’s in- 
terior by recording waves from earth- 
quakes and nuclear-bomb detonations; 
the need in military and commercial 
navigation for accurate location of the 
magnetic poles and the land areas of 
the earth’s surface; mapping of ocean- 
floor topography and ocean currents; 
relation of the atmosphere to the earth 
and the necessity for more information 
to assist in weather forecasting; and 
various space vehicles launched by 
the U.S. and the Soviet Union. 

He reminded the audience that the 
original purpose of the satellite pro- 
gram was to put up an instrumented 
vehicle capable of gathering data aloft 
for a longer period than is possible 
with a sounding rocket. He. stated 
that this scientific origin of the satel- 
lite program has now been largely ob- 
scured by the national prestige as- 
sociated with a successful launching. 
Similarly, he felt that in the public 
viewpoint the prestige factor has be- 
come paramount in plans for future 
shots to the moon and Venus. 

This proved an extremely effective 
and very humorous talk, enjoyable for 
all those attending. 

—Tobenette Holtz 


Dayton: Members and guests at the 
annual dinner meeting, held in May at 
the Dayton Biltmore Hotel, heard 
Lovell Lawrence Jr., past Detroit sec- 
tion and national ARS president, pre- 
dict that there would be a man (na- 
tionality unpredicted) on the moon in 
the next five years, and, admittedly 
looking far into the future, forecast a 
passenger space vehicle that will re- 
semble a huge discus. This shape 


would permit rotation of the space- 
craft to give “artificial gravity” on 
lengthy travel in outer space. The de- 
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BOOSTERS SUSTAINERS - ENGINE CASES NOZZLES 


QUALIFIED ENGINEERS: Investigate interesting opportunities 
at Ingersoll Kalamazoo Division. 


The Ingersoll Kalamazoo Division has been producing missile metal 
parts since 1951 when the first Snark booster cases were made. Today, 
nearly half the Nike Hercules boosters and sustainers have been made 
with Ingersoll Kalamazoo Division production skills. 

RESEARCH AND DEVELOPMENT and prototype fabrication are going 
on at the Ingersoll Kalamazoo Division utilizing such new methods as 
hydrospinning and concussion, or explosive, forming, which provide 
today’s solutions to problems in metal parts production. 
FABRICATION AND ASSEMBLY on a PRODUCTION !ine basis of 
large missile parts is routine at the Ingersoll Kalamazoo Division 
involving such processes as annealing, machining, hydrospinning, 
welding, rolling, etc. 

A capable staff of engineers is available at the Ingersoll Kalamazoo 
Division who are experienced in the DESIGN, FABRICATION AND 
ASSEMBLY of major missile hardware parts. These engineers are 
ready to tackle your problems. 


Borg-Warner Corporation 


ENGINEERING 


PRODUCTION 


MOBILE EQUIPMENT 4 ENGINEERING PRODUCTION 
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left: “Operation Sky-Catch” tests, conducted jointly by 
U.S. Navy, Westinghouse and Lockheed, reveal effects of 
@ aunch stresses. To prevent damage to POLARIS test missile 
components, huge overhead assembly catches it in mid-air. 


Far left: Carrying awesome destructive power, Navy's 
POLARIS is markedly smaller than other U. S. ballistic 
missiles of same range. To enable one submarine to carry 
many missiles, Lockheed scientists achieved miniaturi- 
zation breakthroughs on all major systems of POLARIS. 


Above: Propulsion system firings light up night sky at 
Lockheed Missiles and Space Division’s 4000-acre test 
base in the Santa Cruz mountains, Calif. A nearby vertical 
test stand permits simulated flights of complete POLARIS 
missiles, to test their propulsion and guidance systems. 


Left: Nuclear powered U. S. Navy sub (1) launches 
solid-propellant POLARIS missile which erupts from ocean 
depths (2)—then rockets its way on a ballistic missile tra- 
jectory high above the earth’s atmosphere (3) into outer 
space. Re-entering the atmosphere (4) the re-entry body 
of the PoLARis plunges earthward to destroy its target (5). 


Launching an IRBM from submerged submarines in- 
volves technological developments that are unique in 
ballistic missile history. 


As POLARIS Missile System manager and prime con- 
tractor, Lockheed’s Missiles and Space Division is 
responsible for coordinating all phases of its design, 
development, and production. 


The PoLaris, a solid-propellant missile, will be oper- 
ational in 1960—ahead of schedule. The operational 
missiles will be delivered to U. S. Navy submarines in 
Lockheed ready-service transporters under controlled 
humidity and temperature conditions. And Lockheed’s 
ACRE—Automatic Checkout and Readiness Equipment 
—will maintain the constant ready-to-fire capability of 
POLARIS missiles, right up to the moment of launch. 


With an ultimate range of 1500 nautical miles, the 
POLARIS will become one of the most formidable deter- 
rent weapons ever devised. For any significant military 
target on earth will be within range of its nuclear warheads. 


CKHEED 


JET TRANSPORTS - JET FIGHTERS - JET TRAINERS » COMMERCIAL & MILITARY PROP-JET TRANSPORTS + ROCKETRY 
BALLISTIC MISSILE RESEARCH & DEVELOPMENT » WEAPON SYSTEM MANAGEMENT + ANTI-SUBMARINE PATROL AIRCRAFT 
NUCLEAR-POWERED FLIGHT * ADVANCED ELECTRONICS + AIRBORNE EARLY-WARNING AIRCRAFT + AIRPORT MANAGEMENT 
NUCLEAR REACTOR DESIGN & DEVELOPMENT + GROUND SUPPORT EQUIPMENT + WORLD-WIDE AIRCRAFT MAINTENANCE 
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John Harvell, of Arthur D. Little, Inc., president of the ARS New England 
Section, pays close attention as Rep. Overton Brooks (D., La.), chairman of the 


Snapped at the Controllable Satellites Conference 


House Committee on Science and Astronautics, delivers address at banquet. 


4 


ARS National Vice-President Howard 
Seifert, Space Technology Labs (left), 
and Kurt Stehling of NASA (right) 
query Rep. Brooks about plans to 
launch mice in Discoverer shot. 


sign would also assist in keeping the 
vehicle temperature at a bearable level 
by turning its thin edge toward the 
sun. Simple rotation of the body of 
the vehicle would control the surface 
exposed to the sun’s radiation. 

In addition, new section officers 
were installed by William J. Cushing, 
the first president and one of the 
founders of the Dayton section. He 
commented with pleasure on the rapid 
growth of the section in its first year of 
operation—from only a few to over 200 
active members since spring of 1958. 

The new officers are Capt. Roderick 
W. Clarke of ARDC, Wright-Patterson 
AFB, president; A. G. Liefke of Cook 
Electric, vice-president; Forrest S. 
Forbes of WADC’s propulsion labora- 
tory, treasurer; and Mrs. William J. 
Cushing, secretary. 

ARS National President John Paul 
Stapp was the guest of honor at this 
meeting. 

—Don Bolton 


Fort Wayne: Section vice-president 
A. B. Showalter spoke on aspects of 
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Rep. Brooks discusses ARS Goddard 
Memorial with Mrs. Robert H. God- 
dard and Fred Durant of Avco, chair- 
man of the ARS Goddard Memorial 
Committee. 


space navigation at the February 
meeting, describing basic principles of 
orbital mechanics and some of the 
better known navigational techniques 
and methods of instrumentation. 
Section president F. H. Brady spoke 


H. L. Karsch (center) of GM Allison Div. was guest speaker at the Fort 
Wayne section's fourth anniversary dinner in April. Standing with him, from 
left, are D. K. Roberson, program chairman; F. H. Brady, section president; 
A. B. Showalter, vice-president; and M. L. Storiee, secretary. 


at the March meeting, reviewing Rand 
Corporation’s “Space Handbook.” 4 
lively discussion on the feasibility of 
placing radar beacons at the stable |. 
bration points of the earth-moon sys. 
tem dominated the question period, 

Some 40 members and guests at. 
tended the section’s fourth anniversary 
banquet in April. Guest H. L. Karsch 
of GM’s Allison Div. spoke on “The 
Farside Rocket Research Program?” 
of which he was project manager 
when with Aeronutronic Systems Ine, 
During the discussion period, he re. 
lated some of his unique experiences 
during and after World War II with 
the German missile program and de 
scribed how very advanced it was in 
many respects. 


Maryland: The April dinner meet. 
ing, which was held at the Officer's 
Club of Aberdeen Proving Grounds, 
featured a talk by Maj. Gen. Holger N, 
Toftoy on Project Paperclip, the pro- 
gram which brought many of Ger 
many’s V-2 rocket engineers to this 
country. In view of the historical con- 
sequences of this action, Gen. Toftoy’s 
recollections of the program and the 
selection of what engineers were to 
come proved very interesting. Gen, 
Toftoy did much to influence the 
adoption of rocket weapons by the 
Army, and it was under his direction 
that the Nike and Corporal missiles 
were developed. 


North Texas: A good turnout of 
about 200 members and guests for the 
April dinner meeting had the pleasure 
of hearing ARS President John Paul 
Stapp discuss “Rocket Age Man.” 
Col. Stapp pointed out many of the 
problems that must be solved before 
man can be projected into space and 
possible solutions to some of them. 
His talk included a movie showing the 
reaction of experimenters to high-g 
and weightless states. The meeting 
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Tungsten-lined lightweight nozzles for solid pro- 


er's 
ids, pellant engines are now being fabricated by 
N, General Electric. With a lining melting point of 


6170°F, these are among the highest temperature 
lightweight fixed and flexible nozzles in use in the 
missile industry, enduring high rocket propellant 
temperatures and pressures with no measurable 
erosion. 


These nozzles are produced by an arc-spraying 


to process pioneered by General Electric. Tungsten 

en, is vaporized in an are and deposited on a mandrel. 

the For some applications, the liner is molded in light- 

the weight plastic, and the mandrel leached out. 

on Arc-sprayed nozzles have been hot-fired with 

les the new high temperature propellants at several 
locations. 

of G.E.’s capabilities in metallurgy and manu- 

he facturing are combined with equaliy advanced 

ire capabilities in engineering, research and develop- 

ul ment. Integrated advanced rocket engine ca- 

R. pabilities at General Electric can meet your needs 

he for high performance solid propellant engine 

re cases, nozzles and liquid engine components using 

nd cryogenic and storeable propellants. 
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Progress /s Our Most Important Prodvet 

ng 


GENERAL ELECTRIC 


Section K 182-2 

Rocket Engine Section 

Flight Propulsion Laboratory De- 
partment 

General Electric Company 

Cincinnati 15, Ohio 


Please send me additional infor. 
mation about General Electric 
solid propellant cases and nozzles 
(GED-3763). 

| would like to discuss G-E rocket 
engine products with a sales 
representative. (] 


The Flight Propulsion Labora- 
tory Department's Rocket En- 
gine Section is the nucleus of 
General Electric progress in 
rocket engines and their com- 
ponents. It is well-equipped; 
and it uses Company-wide 
capabilities and experience to 
speed advances. If you would 
like more information about 
the section’s products and ca- 
pabilities in solid or liquid 


propulsion systems, please 
mail this —_ Rocket Company 
. Engine Section, General Elec- Address 
tric Co., Cincinnati 15, Ohio. City... _State 


a ROCKET ENGINES 

e li. ae 

Sys- 

NEW tungsten linings 

\ for rogket nozzles... 

m,” 

\ 

Te- 

Ces 

vith 

de. 

cet 

\ 

\ 

his \ 

on \\ 

/ \ | 
| \ \ 


Banner Day 
at North Texas 


also featured the unveiling of the sec- 
tion’s new banner, which was made by 
Mrs. George P. Koshiol. 

—W. H. Bender 


Sacramento: Some 80 members 
and guests attending the April meet- 
ing, held at the Town and Country 
Village Buffalo Room, heard guest Lt. 
Col. Walter Schlie of the USAF 292 
Strategic Missile Squadron speak on 
“The Western Missile Range—Vanden- 
berg Air Force Base, Its Mission, Pres- 
ent and Future.” The base was acti- 
vated as an Air Force facility in Janu- 
ary 1957. A Titan launching complex 
is under construction there, and facili- 
ties are in operation in support. of 
Thor. The assigned mission of Van- 


Niagara Frontier Display 
Hit of the Show 


In 1958, the Niagara Frontier sec- 
tion, at the suggestion of its corre- 
sponding secretary, Bob Roach, pre- 
pared models of U.S. space vehicles 
and missiles and displayed them, as 
shown here, in the Industrial, Engi- 
neering, and Science Fair sponsored 


American Rocket Society 


~ 


Some 200 members and guests (left) attending the April dinner meeting of the 
North Texas section heard ARS President John P. Stapp (center), who went 
western for the occasion, talk on “Rocket Age Man,” and saw the section’s new 
banner unveiled (right). At the left in this last photo is Mrs. George P. Koshiol, 
member's wife who made the banner, and standing next to her, John Ker, 


section president. 


denberg entails bringing about an op- 
erational capability with ballistic mis- 
siles as soon as possible, and training 
IRBM-ICBM units to meet pro- 
grammed requirements. The present 
emphasis is in training English RAF 
personnel in operation and mainte- 
nance of Thor. The Pacific Missile 
Range operates in support of the Van- 
denberg AFB. The U.S. Navy is re- 
sponsible for the range and operates 
the telemetering and tracking equip- 
ment to locate test-missile impact 
points. 


—Ira Nagin 


Southern California: At the April 
meeting, held at the IAS Building in 
Los Angeles, W. R. Kirchner, associ- 


by the Technical Societies Council in 
Niagara Falls. 

In 1959, the section prepared the 
other booth pictured, which features 
models, actual rocket hardware, illus- 
trations of rocket fundamentals and 
things to come, and Bell Aircraft’s 
“do-it-yourself” rocket test panel. The 
booth was featured on a CBS-TV 


newsreel as the hit of the show, which 
in toto was a great success, and a good 
example of community education. 


Left, display of models prepared by the Niagara Frontier section for the Niagara 
Falls Industrial, Engineering, and Science Fair in 1958; and, right, the booth 
with Bell Aircraft “do-it-yourself” rocket test stand, models, hardware, and 
illustrations cited as hit of the show in 1959. 


74 Astronautics July 1959 


ate manager for research and develop- 
ment at Aerojet-General’s Solid Rocket 
Plant, presented a classified paper en- 
titled “Development of the Propulsion 
System for the Polaris” and illustrated 
his talk with slides and a film. Mem- 
bers appreciated having the oppor- 
tunity of so learning about the prob- 
lems of developing large solid-propel- 
lant powerplants, and how these prob- 
lems were overcome for the Polaris 
system. 

—Eric Burgess 


Southern Ohio: Early in April, this 
section and the local section of ASME 
joined in a mutual-interest meeting, 
which heard these speakers and sub- 
jects: Herbert Friedman of NRL, the 
keynote speaker, on “Interplanetary 
Space”; Delbert E. Robison of GE's 
Rocket Systems group, on “Rocket 
Systems”; T. J. Keating of WADC's 
Rocket Propulsion Div., on “Influ- 
ence of Spaceflight on Rocket Pro- 
pulsion System Design”; and G. W. 
Boyd of Emery Industries’ Chemical 
Div., on “Last Year’s Nests.” — This 
unusually fine program was preceded 
by a dinner and social hour. 

The May dinner meeting was held 
jointly with the local section of ASME 
and the Institute of Environmental 
Engineers. Featured speaker of the 
evening was Frederick R. Riddell of 
Avco Research Laboratory, who dis- 
cussed “Latest Developments in Re- 
Entry Research.” Dr. Riddell has 
studied hypersonics and re-entry at 
Avco since 1955. 

The following new officers were also 
elected at this meeting: Louis Michel- 
son, president; Delbert E. Robison, 
vice-president; Mary C. Pope, secre- 
tary; and Bernard A. Free, treasurer— 
all of GE’s Flight Propulsion Labora- 
tory Dept. 


University Park: In May, members 
met with the local section of ASME in 
the electrical engineering building of 
the Univ. of Pennsylvania to hear John 
Bohuslaw, design engineer with GE's 
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“MISSION ACCOMPLISHED: 
DEPARTING LUNA 2205 ZEBRA” 


This message, flashed across a quar- 
ter-million miles to Washington, D.C., 
will be awaited anxiously by millions. 

But even then our first expedition to 
the moon will still face its most cru- 
cial test —the journey home to earth. 

The success of that trip will depend 
in large part on rocket propellants — 
fuels and oxidizers that will have been 
stored for days in the tanks of the 
expeditionary vehicle and yet will re- 
spond instantly when needed. 

Storable liquid propellants is one of 
the fields in which Rocketdyne has 
anticipated the future. For more than 
ten years, its propellant chemists have 
been studying, engineering, and test- 
ing combinations of storable fuels and 
oxidizers for greater storability and 
higher energy. 


Storability PLUS high energy 


Rocketdyne has tested these combina- 


tions in all production and experimen- 
tal engines. The results prove that to- 
day’s storable fuels and oxidizers have 
these important capabilities : 

(1) High performance, even after 
months or years of storage; (2) 
Stability over a wide temperature 
‘ange, permitting storage in missile 
tanks without rigid environmental 
controls; (3) Dependable perform- 
ance, predictable even at extremes of 
heat and cold; (4) Instant readiness 
for firing at any time during the stor- 
age period; (5) Energy yields equal 
to or higher than those of conven- 
tional propellant combinations. 


Second-generation missiles 

The tests also prove that engines 
developed for conventional propellants 
can be converted to storable combina- 
tions rapidly and inexpensively —a 
significant consideration in the devel- 


FIRST WITH POWER 
FOR OUTER SPACE 


opment of second and third genera- 
tion strategic, tactical, and air de- 
fense missiles. 

Significant, too, is the potential 
performance of storable combina- 
tions. Research points to energy yields 
as high as 400 seconds of altitude 
specific impulse—performance 20 per- 
cent higher than that of today’s com- 
binations. These high-energy yields 
will offer new capabilities and greater 
flexibility for America’s scientific and 
military programs. 

Stepping stones to Space 

Rocketdyne has designed and _ built 
much of today’s operating hardware 
in the high-thrust rocket field. En- 
zines by Rocketdyne power most of 
the military and scientific projects 


POWER FOR AMERICA’S MISSILES 
Thrust chamber production 
line for Thor and Jupiter 
at Rocketdyne’s Neosho, 
Mo., facility moves smoothly. 


sponsored by Air Force, Army, and 
NASA. This experience now becomes 
the point-of-departure for tomorrow’s 
journeys into the unknown. 


ROCKETDYNE iz 


A DIVISION OF NORTH AMERICAN AVIATION, 
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New Southern Ohio section officers, all of GE’s Flight Propulsion Laboratory 
Dept., talk over the future: From left, Bernard Free, treasurer; Delbert Robison, 
vice-president; Mary Pope, secretary; and Louis Michelson, manager of FPL’s 


rocket engine section, president. 


Missile and Space Vehicle Dept., talk 
on “Travel Tips for Space Astronauts” 
and present a sound and color movie 
on the subject. Earlier in the year, 
the chapter elected the following of- 
ficers: James D. Decker, president; 
Robert D. Moyer, vice-president; Jack 
M. Brame, secretary; and John A. Fox, 
treasurer. 


Valley Forge: The April meeting 
featured a talk by William Doyle, di- 
rector of Temple Univ.’s high-tem- 
perature test area, on “High-Tempera- 
ture Propulsion Research.” At the 
May meeting, guest Richard H. Davis 
of Wyle Associates spoke on “Com- 
ponent Testing for Ballistic Missiles 
and Space Vehicles.” 


STUDENT CHAPTERS 


Univ. of Hartford: At a chapter 
meeting April 4, attended by some 40 
students and four members of the fac- 
ulty, Carl W. Lemmerman, president 
of the Connecticut Valley section, pre- 
sented the chapter its ARS certificate 
of membership, and talked on the his- 
tory of ARS. He also discussed the 
curriculum that would be necessary 
for the 3rd and 4th university semes- 
ters and necessary advanced training 
to secure an aeronautical space engi- 
neering degree. 

—John Pethigal 


Univ. of Oklahoma: The May 
meeting saw the following new offi- 
cers elected: Elton Thompson, presi- 
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dent; Robert Melton, vice-president; 
John Totten, secretary; and Florence 
Jones, treasurer. Then, after viewing 
a movie on satellites, the new and old 
members gathered to get better ac- 
quainted and to enjoy some refresh- 
ments. 


—John K. Totten 


TECHNICAL COMMITTEES 


Education: Paul E. Sandorff, pro- 
fessor of the Dept. of Aeronautical 
Engineering at MIT has been ap- 
pointed chairman of the Education 
Committee. Named by Prof. San- 
dorff to serve on the committee are: 
Ali B. Cambel, Northwestern Univ.; 
V. T. Cerf, Rocketdyne Div., North 
American Aviation; Maj. V. S. Hane- 
man Jr., Air Force Institute of Tech- 
nology, Wright-Patterson AFB; Sam- 
uel Herrick, Univ. of California; Capt. 
Grayson Merrill, Fairchild Astrionics 


Div.; Irving Michelson, Pennsylvania 
State Univ.; J. K. Noble Jr., Noble and 
Noble, Publishers, N.Y.C.; R. K. Sher. 
burne, New Mexico College of Agri. 
culture and Mechanical Arts; S. F. 
Singer, Univ. of Maryland; Kurt Stehl- 
ing, NASA Vanguard Div.; T. Paul 
Torda, Polytechnic Institute of Brook. 
lyn; and F. L. van der Wal, Space 
Technology Labs. 


Propellants and Combustion: Chair- 
man John L. Sloop has announced the 
following appointments to the Propel- 
lants and Combustion Committee: 
Ray E. Bolz, Case Institute of Tech- 
nology; Ali B. Cambel, Northwestern 
Univ.; Benson E. Gammon, NASA; 
Jerry Grey, Princeton Univ.; Robert 
A. Gross, Fairchild Engine & Airplane 
Corp.; Arthur A. Kovitz, Northwest- 
ern Univ.; Alexis Lemmon Jr., Battelle 
Institute; Charles Marsel, NYU; Peter 
Nichols Jr., CalTech; A. K. Oppen- 
heim, Univ. of California; Thomas F, 
Reinhardt, Bell Aircraft; and R. J. 
Thompson, Rocketdyne. 


Sloop 


Structures and Materials: Comumit- 
tee Chairman George Gerard, assistant 
director of research, New York Univ. 
College of Engineering, has announced 
the makeup of the Structures and 
Materials committee. Members are: 
Frederick L. Bagby, Battelle Memo- 
rial Institute; R. L. Bisplinghoff, MIT; 
Wilfred H. Dukes, Bell Aircraft; 
George A. Hoffman, Rand; Alan V. 
Levy, Marquardt Aircraft; Nathan 
Promisel, Navy Dept. Chief Metal- 
lurgist; E. A. Simkovich, Republic 
Aviation; Wolfgang H. Steurer, Con- 
vair; and Max L. Williams, CalTech. 


Gerard 


Rockets Their Business 
Sandorff 


new weight saving material for missiles 
and high performance jet aircraft 


ALLOY (T-6) | U.T.S. (psi) } Y.S. (psi) 
A-356 40,000 30,000 
MA-356 
minimum 40,000 30,000 
maximum 50,000 40,000 


‘ROOLLE 


NEW HIGH-STRENGTH... 
HIGH-PURITY ALUMINUM CASTING ALLOY 


If you’ve been pushing A-356 to the limit of its physicals to scrape off 
every possible ounce of excess weight . . . then new alloy MA-356 was 
made to order for you. With a few minor changes in chemical composi- 
tion, Rolle has produced what is essentially a new casting material. 
Highly responsive to heat treatment, it permits higher tensile strength, 
higher yield strength, and greater elongation. Rolle is pouring MA-356 
now ... in castings that consistently exceed the physical requirements 
of MIL-C-21180A. Check, for example, the typical sand cast range of 
properties MA-356 permits in the T-6 condition against what you 
can expect from conventional A-356 at left: 


One of the advantages of MA-356 is that any desired physical within 
the typical range can be emphasized through careful control of heat 
treatment of the casting. Even more exciting are the extremely high 
physicals that have been achieved with MA-356 in favorable casting 
configurations. Test castings have actually exceeded a tensile strength 
of 54,000 psi and yield strength of 44,000 psi with 2% elongation. 


But no two castings are alike. It’s impossible to predict the benefits 
MA-356 will confer on your sand and permanent mold castings with- 
out prints and specs. If you’d like more information on this new alloy, 
write for Technical Data Bulletin 1001. And when you do, why not 
ask for your copy of our 58-page light metals casting handbook . . . an 
engineering guide to aluminum and magnesium sand and permanent 
mold castings. Rolle Manufacturing Company, 319 Cannon Avenue, 
Lansdale, Pennsylvania, or call ULysses 5-1174. 
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Top, stationary model in hypervelocity stream; bottom, sabot-launched free- 


flight glider model test. 


Convair has already begun con- 
struction of a $500,000 hypersonic 
gun facility at its San Diego Inter- 
Division R&D Center for studying 
missile flight and re-entry problems. 
The gun will either drive a model 
vehicle through a 100-ft long, 3-in. 


Soviet Astronautics 


(CONTINUED FROM PAGE 43) 


Nauk SSSR (Herald of the U.S.S.R. 
Academy of Sciences). In the article, 
Prof. Petrovich has outlined portions 
of this plan, noting that rocket technol- 
ogy aimed at the study and mastery of 
the cosmos is being developed in 
three phases, all of which are proceed- 
ing simultaneously. 


First Phase 


The first phase involves the crea- 
tion of a series of artificial earth satel- 
lites varying in tonnage and purpose. 
The primary object is to establish in 
polar orbits a group of stabilized, so- 
called — observer-satellites equipped 
with optical and television instruments 
that will put the entire earth under 
constant surveillance. This phase of 
the program also includes the recov- 
ery of satellites or their essential parts, 
with and without the use of aerody- 
namic surfaces. Recovery techniques 
are being perfected that will at first 
permit instrument containers to be re- 
trieved, then animals, and finally hu- 
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diam barrel into a controlled-atmos- 
phere test chamber at a muzzle ve- 
locity of up to 20,000 fps, or shoot 
high-velocity, high-pressure gas past 
a stationary model. Driving gas will 
be a mixture of helium hydrogen and 
oxygen, 


man passengers. As techniques im- 
prove and methods become more reli- 
able, the satellites will become larger 
and their mean altitude above the 
earth will increase from a few hundred 
kilometers for the first surveillance sat- 
ellites to tens of thousands of kilome- 
ters for intermediate space stations, 
the latter eventually being used to 
service interplanetary vehicles. 

The second phase in the study and 
conquest of space is linked with the 
earth’s natural satellite—the moon. 
The initial step in this phase of the 
program was accomplished when the 
Soviet interplanetary rocket Mechta 
passed by the moon at a distance of 
less than 5000 km on its way into or- 
bit around the sun. Subsequent steps 
will involve: (1) Circumflight of the 
moon with photography of its far side 
and transmission of the image to the 
earth as the rocket heads back toward 
the earth; (2) creation of artificial 
satellites of the moon which maintain 
constant communication with the 
earth; (3) deposition on the moon of 
heavy instrument packages contain- 
ing radio, television, and telemetering 
equipment for the communication and 


transmission of scientific findings to 
the earth (for this step, the rocket 
must have a characteristic velocity of 
14.5 km/sec, that is, 11.2 km/sec to 
escape from the earth, 3 km/sec to 
land on the moon, and a small incre- 
ment for navigational corrections); 
(4) circumflight of the moon by a 
manned rocket with subsequent re- 
turn to the earth; and (5) deposition 
on the moon of a manned rocket ca- 
pable of taking off from the moon and 
returning to the earth (for this, the 
vehicle must have a_ characteristic 
velocity of slightly more than 17 km/ 
sec). 

This last step can also be achieved 
by means of less powerful rockets if 
stores and propellant supplies are de- 
posited on the moon in advance to 
service and refuel the manned rocket 
for its return trip to the earth. Asa 
precautionary measure, and at the 
same time to enhance the chances of 
a successful expedition, Soviet scien- 
tists consider it expedient to dispatch 
two “lunar” rockets simultaneously, 
The crews could be of mutual assist- 
ance to each other in exploring the 
moon and in preparing for the return 
trip; and, in case of emergency, could 
return to earth in one rocket. 

The third phase of the program con- 
cerns the investigation of the planets 
of our solar system by means of (1) 
automatic reconnaissance rockets that 
will probe both the inner and_ the 
outer planets, and (2) a series of arti- 
ficial satellites of the sun, of which 
Mechta is the prototype, that will 
move in prescribed orbits and contin- 
uously transmit information to earth. 
These probes and solar satellites are a 
necessary prerequisite for the further 
penetration of the cosmos. 

Petrovich lists the following require- 
ments as being necessary to achieve 
full development of the program: 
(1) Creation of larger and more effec- 
tive rockets powered by engines of 
higher thrust; (2) improved rocket 
stabilization and control systems, as 
well as improved ground-launching 
facilities; (3) perfection of high-reso- 
lution multichannel telemetering 
equipment to transmit signals to earth 
over distances measured in millions of 
kilometers; and (4) broad develop- 
ment of space medicine, since the time 
is rapidly approaching when _ this 
branch of science will be called on to 
make specific recommendations. 

Enjoying the privileges of top pri- 
ority in the field of space technology, 
Soviet scientists, engineers, and tech- 
nicians are laboring feverishly to ful- 
fill Tsiolkovskii’s dictum: “Mankind 
will not stay on earth forever, but, in 
the pursuit of light and space, will at 
first timidly penetrate beyond the 
limits of the atmosphere and then will 
conquer all the space around the sun.” 


~ e efe 
Convair Hypersonic Gun Facility 
j 
we 
© 4 
/ < 3 a 


At Convair, San Diego, steel parts for air or space 
craft must be absolutely flawless to take their designed loads. 
Quick, positive inspections of these parts are made by a 
Nuclear Systems Model 52 Multitron with a cobalt 60 source. 
The unit can be wheeled about at will... wherever radio- 
graphic inspection is needed. 

Like Convair, companies all over the country are making 
sure of quality, saving time and money by inspecting with 
radiography machines from Nuclear Systems. 

If you have an inspection problem, Nuclear Systems has 
a safe, portable, economical radiography machine to suit 
your needs. For full information, contact Dept. A-7 at one 
of our sales offices. Also... inquire about Nuclear Systems’ 
regularly scheduled three-day Radiation Health Physics Course 
—an approved AEC licensing aid. 
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In print 


Dictionary of Guided Missiles and 
Space Flight, edited by Grayson 
Merrill, D. Van Nostrand Co., 
Princeton, N. J., 1959, 688 pp., illus. 
$17.50. 


This latest volume in Van Nostrand’s 
major series on guided missile design 
is a long-awaited one, and one which 
belongs on the desk or bookshelf of 
every rocket and missile engineer, for 
it fills a need which has existed in this 
field for many years. 

Editor Grayson Merrill and his con- 
tributing editors-C. W.  Besserer, 
Krafft Ehricke, and Maj. Ballard B. 
Small—have taken on a Herculean task, 
and pulled it off very neatly indeed. 
In 688 fact-filled pages, and hundreds 
of accompanying. illustrations, charts, 
and diagrams, they have managed to 
cover literally thousands of commonly 
used terms, and thus gone a long way 
toward establishing a common. lan- 
guage for the field of rocketry, guided 
missiles, and astronautics. 

These terms are not only defined, 
accurately and concisely, but also are 
explained in considerable detail so as 
to make their usage crystal clear. Thus 
the volume, which is called a diction- 
ary, is actually more of an encyclo- 
pedia, of interest to anyone working on 
missiles or space vehicles. 

The scope of the book becomes evi- 
dent upon even a cursory rundown of 
the terms discussed. Included are the 
names of missile and space vehicles, 
and the guidance and control, propul- 
sion, armament, and launching systems 
of which they are composed; the com- 
ponents which make up these systems; 
and related terms from the fields of 
aerodynamics, electronics, astronomy, 
and physics, the last group including 
terms dealing with antennas, circuits, 
radar, rockets, and propellants, as well 
as the major laws, relationships, and 
concepts which govern their use. 

In short, this dictionary covers the 
field from “A” (17 different defini- 
tions, ranging from “linear accelera- 
tion [a]” to magnetic vector poten- 
tial “[A]”) to “Zuni” (“a U.S. Navy 
5-in. high velocity rocket for air-to-air 
and air-to-ground use . . .”). 

In addition, cross-referencing is ex- 
tensive, facilitating the ability of the 
user to follow up a particular term 
when he is seeking additional informa- 
tion. Also, the simplest possible in- 
dexing arrangement has been em- 
ployed, which means that any term 
sought can be found by riffing through 
a minimum number of pages. 

In his preface, Capt. Merrill notes 
that “serious omissions may be found 
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and the rigorousness of definition and 


usage questioned.” While the 
editor and contributing editors thus 
indicate an awareness of the magni- 
tude of the job they faced, only the 
most carping critic will deny the worth 
of this important volume, which rep- 
resents an important first step toward 
establishing an Esperanto of missile 
and astronautical terminology. 
—Irwin Hersey 


BOOK NOTES 

Soviet Space Science by Ari Shtern- 
feld (361 pages, Basic Books, $6) puts 
in permanent and readily available 
form the excellent Russian introduc- 
tion to spaceflight reviewed in the De- 
cember 1958, ASTRONAUTICS, and pre- 
viously available only from the Office 
of Technical Services in multilith form. 
Dressed up with a foreword and epi- 
logue by Willy Ley, and with photos 
and illustrations much improved over 
the OTS version, the book provides a 
straightforward account of just what it 
takes to launch a satellite and also con- 
siders man in space, tracking and com- 
munication problems, satellite re-entry, 
and interplanetary flight. Drawing 
largely on Western source material, 
the book offers little insight into what 
the Russians are doing, but does pro- 
vide a good rundown on astronautics 
by one of the best Soviet popular 
writers in the field. 

The Soviet Air and Rocket Forces, 
edited by Asher Lee (312 pages, 
Frederick A. Praeger, $7.50), offers a 
full-scale analysis of Russian air power 
today. While the book is largely con- 
cerned with conventional aircraft, the 
chapter on Soviet missiles, by the edi- 
tor and Richard E. Stockwell, provides 
a careful analysis of Russian achieve- 
ments in the field of rocketry. The 
authors’ conclusion: The Soviets obvi- 
ously have enormous rocket engines, 
but their satellites are less sophisti- 
cated than ours and the guidance sys- 
tems they use are almost primitive by 
our standards. Sum-up: Of interest 
primarily to those seeking information 
on Soviet air power, although a few 
chapters provide some food for 
thought about Russian rocketry. 

Those of us who have long been 
seeking a basic book on astronautics 
for youngsters in the 12- to 16-year-old 
category will welcome Space Travel 
by G. V. Groves (106 pages, Educa- 
tional Supply Assn., Esavian House, 
181, High Holborn, London, W.C. 1, 
$1.35). The author, a British physi- 
cist working on high altitude rocket re- 
search, has here written an easy-to- 


read, well-illustrated primer ranging 
all the way from rockets and how 
they work to the problems of manned 
space flight. The first five chapters 
provide background information on 
rocketry, the sun, moon, and planets 
and some of the difficulties involved in 
man’s leaving the earth, while the 
last five trace astronautical progress 
from the work of the pioneers to the 
present day. Dr. Groves, in this hand- 
somely produced little volume, has 
given American science writers aiming 
at this field a good target to shoot at. 


Mathematics Dictionary, 2nd edi- 
tion, edited by Glenn James and 
Robert C. James (546 pages, D. Van 
Nostrand, New York, $15), revises 
and enlarges the dictionary issued in 
1949. It now gives definitions of more 
than 7000 mathematical terms and in- 
cludes indexes in Russian, German, 
French, and Spanish as well as Eng- 
lish—an unusual and valuable feature 
for researchers and librarians. The 
book covers elementary terms in arith- 
metic, geometry, alegebra, and calcu- 
lus as well as advanced mathematics, 
such as the calculus of variations and 
point-set topology. It includes many 
new terms developed, for instance, for 
the theory of games and linear and 
dynamic programming. The book 
should thus serve both as a working 
guide for research groups and librar- 
ies and as a general reference. 


RECEIVED 


Materials for Rockets and Missiles by Rob- 
ert G. Frank and William F. Zimmerman (124 
pages, Maemillan, New York, $4.50). 


Fundamentals of Radio Telemetry by Marvin 
Tepper (116 pages, John F. Rider, New York, 
$2.95). Paperbound. 


Fundamentals of Nuclear Energy and Power 
Reactors by Henry Jacobowitz (144 pages, 
John F. Rider, New York, $2.95).  Paper- 
bound. 


Nitroparaffins and Their Hazards (59 pages, 
National Board of Fire Underwriters, 85 
John St., New York 38). Paperbound re- 
search report. 


Engineers’ Job Directory 1959 (72 pages. 
Oliver P. Bardes, 4600 Red Bank Rd., Cin- 
cinnati 27, Ohio, $5.00). Includes student's 
summer job index and information on re- 
sumes. 


RCA Receiving Tube Manual, Revised Edi- 
tion (Commercial Engineering, RCA Electron 
Tube Div., Harrison, N. J., 75 cents). 


The Language and Symbology of Digital 
Computer Systems (Govt. Service Dept., 
Bldg. 210, RCA Service Co., Camden 8, N. J., 
$2.00 postpaid). 

Celestial Mechanics by E. Finlay-Freundlich 
(150 pages, Pergamon Press, New York 22, 
$7.50). A compact discussion on contem- 


porary ground, 


NEW PROGRAM 


Raytheon enters new weapons systems program 
and offers advancement opportunities for both 
Junior and Senior electronics engineers with ex- 
perience in the following fields: 


e Microwave engineers-component and antenna 
design 


e Communications systems 
e Guidance systems 

e Computer systems 

e Radar systems 

e Inertial reference systems 


e Feed-back control 


e Auto-pilot 

e Ground support 

e Electronic packaging engineers 

e Radar systems engineers (project management) 


ease forward 
Please forwa e Electromechanical engineer for missile control 


resume 10: and auto-pilot design (project management) 
Mr. W. F. O’Melia e Mechanical engineer experienced in ground han- 
Employment Manager dling of large missile systems (project manage- 


Raytheon Manufacturing Co. ment) 


Bedford, Mass. 
You and your family will enjoy the many advan- 
or call collect: tages of living in the metropolitan Boston area. 


Casini ain Relocation assistance and modern benefits. 


Extension 473 


MISSILE SYSTEMS 
D/VISION 


= 


Excellence in Electronics 


July 1959 / Astronautics 81 


2. 
" 
% 


Its seas and oceans cover over 139 million 
square miles. That’s more than double the sur- 
face of Mars, more than nine times the area of 
the Moon. No other planet within the vision of 
man is like it. The planet is Earth. 


From its depths comes one of the free world’s 
greatest menaces—the submarine armed with 
the frightful capacity to launch a missile against 
any city anywhere in the United States. 


PLANET ALL 


Any protection against this hidden danger? 
Most certainly! The U.S. Navy —and its long- 
range carrier-based aircraft. They patrol the 
high seas, probe their depths, screen their con- 
tents. They detect, identify and track. And, 
upon provocation, destroy. They help make our 
Navy our strongest defense against the threat 
of the submarine. 


These anti-submarine warfare aircraft are oper- 
ational with the Navy throughout the world. 
They are Grumman S2F Trackers. 


MISSION ... 


... to bring the most devastating and accurate 
armament to bear against the enemy. 


DETECTION Of Target 
ELECTRONICS 


COUNTER DETECTION 


MEASURE 


"RADAR 


Detection with latest electronic equipment enables 
the ASW force to determine the enemy's presence. 


LOCALIZATION Of Target 


PINPOINTS 


Localization starts immediately, plotting 
general location of enemy sub. 


CLASSIFICATION Of Target 


DEPTH 


NON-SUB... 


POSSIBLE . . 


Classification utilizes sophisticated electronics 
equipment to determine exact nature of intruder. 


DESTRUCTION Of Target 


1S SELF~-EXPLANATORY 
IN ITS 


FINALITY 


Ay, LOCATION 
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Missile market 


AS THE Dow-Jones Industrials 
pushed to a record high of 644 
in May, for a gain of 3.2 per cent, 
missile shares experienced a mild cor- 
rection. The Missile Index closed the 
month down 3.1 per cent. 

The decline actually was more pre- 
cipitous than the figures show. Litton 
and Thiokol, for example, climbed 
briskly for a time, after the May index 
was computed. It was this  loftier 
level trom which they tumbled. None- 
theless, the divergent movements, 
about which we've often spoken, con- 
tinued as Martin and Bendix each ap- 
preciated more than 10 per cent in the 
past month. 

The uninterrupted ascent of missile 
industry shares had been far too swift, 
and last month’s reaction was over- 
due. But the chorus of approval—one 
might almost say glee—greeting the 
group's decline was surprising. Finan- 
cial observers jostled Wall Street 
analysts in their rush to report that 
the surge in space stocks was over, 
and the madness for missiles was 
finished. These comments tell that 
their authors are unwisely selling our 
industry short. For it’s not popular 
fancy and fads, but vigorous growth 
that is the industry’s propellant. Pub- 
lic enthusiasm, swelling and then wan- 
ing in its notoriously fickle way, exag- 
gerates market movements—particu- 
larly evident in missile issues the last 
few months—but fundamental growth 
will be the final arbiter. 

Ideally, these distortions would not 
exist and market prices would rise 
gradually and steadily. But they do 
exist. And we must expect periods 
of undervaluation to follow overvalu- 
ation, This cycle will repeat itself. 
But long-term investors can become 
richly rewarded when they ignore the 
ebb and flow of popular fads, together 
with the abortive market moves they 
inspire, and, instead, concentrate on a 
company steadily increasing its par- 
ticipation in the missiles program and 
with years of growth ahead. 

Aeronca Manufacturing seems to fit 
that description. A major producer 
of aircraft subassemblies, Aeronca also 
turns out parts for various home ap- 
pliances. But military subcontracts 
ure the major part of its business. 
Usually regarded as part of the air- 
craft group, Aeronca supplies subas- 
semblies for the Boeing 707 Jet Liner, 
the B-52G, and the KC-135. The 
company has also received important 
contracts for the Air Force’s two new 
Mach 3 aircraft programs, the North 
American B-70 “Valkyrie” and the 
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BY JEROME M. PUSTILNIK, Financial Editor 


THE MARKET AT A GLANCE | 
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Missile Index | 1093 | 1128 3.1 | 620 +763 


F-108 long-range fighter-interceptor. 

Both of these aircraft, designed to 
attain speeds greater than 2000 mph, 
are large consumers of brazed stain- 
less-steel honeycombing. Manage- 
ment feels Aeronca, a leader in this 
swiftly expanding field, could enjoy 
years of growth in this area alone. 

In February 1959, the company 
merged with Longren Aircraft of Tor- 
rance, Calif., a producer of aircraft 
subassemblies. Through this acquisi- 
tion, Aeronca obtained much needed 
West Coast facilities, near their pri- 
mary customers. Increased subcon- 
tract business could follow this step. 

With the award to Aeronca of the 
prime contract on the Pogo-Hi, a liq- 
uid-fueled target missile, another po- 
tentially significant development was 
disclosed. The Air Force has indi- 
cated it believes the company has a 
missile systems capability. 

In the new-products area, the com- 
pany’s Baltimore division, its elec- 
tronics research facility, has introduced 
a standard-to-binary translator for elec- 
tronic counters and other output de- 
vices. Activities ultraviolet and 


digital telemetering equipment are be- 
ing expanded. 

Aeronca’s backlog totaled $41.2 mil- 
lion at the beginning of 1959, com- 
pared with $32.3 million a year earlier. 
Company executives have indicated 
the backlog has continued to rise. 

Sales should exceed $29 million this 
year, company officials have said, a 
handsome gain over 1958’s $23.1 mil- 
lion. Earnings will be about $1.10 a 
share (allowing for the dilution from 
the Longren Aircraft acquisition), a 
modest increase from the $1.04 of last 
year. Sales and earnings should grow 
more vigorously over the next few 
years as Aeronca benefits from its new 
products, its propinquity to its major 
customers, a larger role in missile pro- 
grams, and the surging use of brazed 
stainless-steel honeycomb structures. 
To conserve capital for this growth, 
the company pays a small stock divi- 
dend in lieu of cash. 

Aeronca has no long-term debt. 
Two small preferred stock issues are 
the only securities senior to the 507,- 
689 shares of common stock, which 
are traded on the American Stock Ex- 
change. 
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We promise you will receive a reply within one week! 


NEW OP ENINGS Hughes has several hundred openings for 
engineeers and physicists whose training 
# HES and experience are applicable to the re- 


search, development, design and testing of 


RESEARCH & airborne electronic equipment for use in 
supersonic military aircraft: in solid state 
physics, nuclear electronics, industrial dy- 

DEVELOPMENT namics, and related areas. 


Use of the following form will, we hope, 

LABOR ATORIES reduce to a minimum the inconvenience of 
submitting an employment inquiry, yet will 
still permit us to give you a reasonably defi- 
nitive reply. 


Please airmail to: 
Mr. Robert A. Martin, Supervisor, Scientific Employment ! 
Hughes Research and Development Laboratories HUGHES . 
Culver City 53, California 4 


Oros9 HUGHES AIRCRAFT COMPANY 


Name 


Address 


City State 


College Degree_ Yor 


Iam interested in one of the following types of assignment: 


RESEARCH PRODUCT ENGINEERING SYSTEMS | | OTHER: 
[ | DEVELOPMENT | | TECH. ADMIN. [ FIELD TEST 


I have had professional experience in the following specific areas: 


CIRCUIT ANALYSIS 
AND DESIGN 


ELECTRO-MECHANICAL 


R-F CIRCUITS DESIGN 


[| DIGITAL COMPUTERS | | INDUSTRIAL DYNAMICS |_| RELIABILITY || OTHER: 
|_| ATOMIC AND/OR SOLID 
GUIDANCE DEVICES MATERIALS STATE PHYSICS | | — 


a MICROWAVES [| SYSTEMS ANALYSIS 


T have had a total of ____-_ ~~ years of experience. 


STRESS ANALYSIS 


INSTRUMENTATION 
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force line with the rocket trajectory 
(R=53,000 km) is close to zero, it 
follows that along this force line, the 
intensity is also close to zero. We as- 
sume here that the particles perform 
yscillations along the force lines sym- 
metrically in relation to the equatorial 
plane. 

An experimental proof of this as- 
sumption may be found in that the 
intensity grows along a specified force 
line while moving from low altitudes 
to high ones. Thus, for example, the 
intensities in various points of the 
force line of 60 deg for altitudes of 
400, 1800, 5600, and 14,000 km over 
the terrestrial surface have the ratio 
of 1:20: 200: 700. (The data for 
the two first altitudes were obtained 
by the third satellite. ) 

Such intensity variation along a 
force line indicates that the particle 
stream is not directed one Way; in any 
case, a major part of the particles un- 
dergoes full reflection upon approach- 
ing the earth and correspondingly per- 
forms oscillations from one hemi- 
sphere into the other. In this process, 
oscillations of lower amplitude are 
represented by a larger amount of 
particles. This may be explained in 
that the lifetime and, accordingly, the 
factor of agglomeration decreases with 
growing amplitude, in particular, be- 
cause of absorption in the denser at- 
mospheric layers. 


Sputnik Ill Experiments 


In our experiments carried out with 
Sputnik III, it was revealed that the 
terrestrial corpuscular emission should 
be divided into two zones, differing in 
their spatial distribution, as well as in 
the composition of the particles. With 
regard for the relatively low altitude 
of the satellite flight, these zones have 
been called the polar and the equato- 
rial zones. In analyzing this phenom- 
enon, it seems better to call these zones 
the internal and the external. The 
boundary of the equatorial (internal) 
zone passes at an altitude of 1000 km 
ata latitude of 45 deg, and it is natural 
to assume that from the high-altitude 
side the boundary of this zone is 
formed by the force line of 45 deg. 

The chart on page 23 shows that 
the rocket trajectory nowhere _inter- 
sects the internal zone. And, indeed, 
as it will be shown below, the cosmic 
rocket devices did not in any part of 
the trajectory record high-energy par- 
ticles characteristic for the internal 
zone. (These particles in the internal 
zone seem to be protons, produced by 
neutron decay. ) 

On the other hand, the composition 
of the emission appeared to be rather 
close to that observed by Sputnik III 
in polar regions. This satellite re- 
vealed at altitudes of 400 and 1800 


km a rather sharp boundary of the 
polar zone of high intensity at latitude 
~55 deg. As can be seen in the chart 
on page 23, during the flight of the 
cosmic rocket at an altitude of about 
7000 km, when the trajectory ap- 
proaches the force line of 55 deg, 
there is a tendency to an intensity de- 
crease. Therefore, the external zone 
of the terrestrial cospuscular emission 
should be imagined as located in the 
space between force lines ~ 55 deg 
and ~ 67 deg. The maximum inten- 
sity is observed on the force line ~ 62 
deg. 

The graph on page 23 shows the in- 
strument readings in relation to the 
distance from the earth’s center. For 
the curves I, II, and V, a correction is 
introduced for miscounts, with applica- 
tion of calibrations carried out before 
launchings. In the region of maxi- 
mum radiation the tempo of counts 
along the channels I, I, and V is close 
to saturation. Thus, the correction for 
miscounts becomes uncertain, and in 
this region the curves are disrupted. 

Since the spectrum of pulses in the 
scintillation counter appeared to be 
very soft, and the resolving time of the 
discriminators was 10-* sec, it is in- 
dispensable to take under considera- 
tion the possibility of overlapping of 
pulses in time. 

By using the section 40,000-50,000 
km, we may obtain the following eval- 
uation of the spectrum: N(> 45 kev); 
N(>450 kev); N(>4.5 mev) = 
1: 107: 10%. These data and the 
comparison of the counting tempo and 
ionization show that the basic part of 
energy falling on the crystal belongs 
to X-rays of ~ 100 kev energy or less. 
Further improvement of the spectrum 
may be realized by taking into account 
data from the Geiger counter. During 
calibration within the energy range of 
20-100 kev, our counter indicated, in 
comparison with the ionization meas- 
urement (IV), a rising efficiency at a 
lower hardness of X-rays. Therefore, 
the correlation of the counter indica- 
tions and the ionization provide an op- 
portunity for evaluating the effective 
energy of X-rays. This evaluation 
vields 50-60 kev for the altitude range 
of 40,000-50,000 km. Therefore, the 
ionization produced under the casing 
occurs on account of radiative capture 
produced in the electron absorption of 
~50 kev energy in the screening alu- 
minum casing. 

The graph on page 23 gives some 
indication that the electron spectrum 
is not constant at various altitudes. 
This is shown by the varied behavior 
of curves IV and V. In the maximum 
region, at distances of 11,000-36,000 
km from the earth’s center, the ratio 
of ionization to number of counts by 
the counter decreases, which circum- 


) 


MENGINEERS—SCIENTISTS @ 


Work on 


TOTAL 


OLUTIONS 


to Mayor 
Defense Problems 


at General Electric’s 
Defense Systems 
Department 


You'll find greater opportunities in 
Systems Engineering in an organi- 
zation whose charter has a breadth 
and scope seldom met in industry: 


...to find total solutions to specific 
large scale defense problems requiring 
the integration of diverse fields of 
knowledge and equipments. These 
problems will be of sufficient magni- 
tude and duration to justify the 
allocation by General Electric of con- 
siderable numbers of highly qualified 
scientists and engineers to contribute 
Systems program management and sys- 
tems engineering support—on pro- 
grams such as: 


ATLAS e DYNA-SOAR e SENTRY 
...and other highly classified systems 
which cannot be listed here. 


Immediate Opportunities for: 


Systems Program Engineers 
Systems Management Engineers 
Guidance Equation Engineers 
Data Processing Engineers 
Electronic Systems Management Engrs. 
Operation Analysts 
Systems Logistics Engineers 
Engineering Psychologists 


Forward your confidential resume at an early 
date. Whereas growth potential here is evi- 
dent—both for DSD and the engineers who 
join us—the positions filled during these 
early months will carry significant ‘‘ground- 
floor’ benefits. 

Write fully to Mr. E. A. Smith 


Dept. 7-A 


Derense Systems Department 
A Department of the Defense Electronics Division 


GENERAL @@ ELECTRIC 


300 South Geddes Street 
Syracuse, New York 


87 


July 1959 / Astronautics 


| 
rst 
in. | 
m- | 
nt 
ed | 
On 
1S- 
n- 
ee 
n- 
ly 
In 
n 
Je 
if 
IX 
a 
| 
d 
) 
t 
1 


stance, as mentioned above, indicates 


a decrease of X-ray hardness. The 
evaluation of hardness at the maximum 
of the measurable value of counting 
(at a distance of 12,000-33,000 km) 
gives a value of 25 kev. 

Therefore, there are some indica- 
tions that in the middle of the ex- 
ternal zone, where the particle density 
is highest, the effective electron en- 
ergy is minimum. The existing rise of 
Curve III, in the range of 20,000- 
30,000 km, does not show the appear- 
ance of high-energy particles, because 
such behavior of the curve is explained 
by pulse overlapping at the intensity 
which occurs at the maximum. 

In the region of the maximum, the 
hardness evaluation may be processed 
by introducing the data of the second 
scintillation counter. This counter 
measured at maximum intensity an en- 
ergy flow of 2 x 10!! ev/cm? sec 
sterad. The energy flow under the 
aluminum layer of 1 gr/em? (accord- 
ing to data IV) equals 1.5 10® ev/cm2 
sec sterad. 

The correlation of the measured en- 
ergy flows is determined by the aspect 
of the energy spectrum of incident 
electrons. By keeping in mind that 
the second counter effectively records 
only electrons with energy over 50 
kev, while the effectiveness of the first 
counter within the range 20-100 kev 
varies considerably more loosely, an 
evaluation of the spectrum aspect in 
the specified energy range can be 


made: If we represent the integral en- 
ergy spectrum of electrons in the form 
N(>E)~E-, then ~5. For sec- 
tions with lower intensity, on the edges 
of a zone, the spectrum is noticeably 
harder 3). 

We should remark that the energy 
flow measured by the second scintilla- 
tion counter does not quite agree with 
data obtained by Van Allen on the 
fourth U.S. satellite. These measure- 
ments yielded an energy flow of 10! 
ev/cm2sec/sterad. The difference in 
the foil thickness (in the device of 
Van Allen 1 mg/cm?) can hardly ex- 
plain a difference by a factor of 100, 
which is even further widened by the 
large difference in flight altitude. If 
we do not consider the essential dif- 
ference in time and the locale of the 
experiment, which makes comparison 
more difficult, but consider the cause 
for the divergence to be the different 
thickness of the foil, then we could 
assume the presence of slow neutrons 
with paths in the range of 1.0-1.9 
mg/em?. 

As seen from the graph on page 23, 
during recession of the rocket from 
the earth, starting with a distance of 
66,000 km, the intensity of all com- 
ponents remains constant. The slight 
monotonic lowering of Curve IV is not 
a response to variation of ionization, 
but appears to be an instrument effect 
connected with the long afterglow of 
the crystal NaI(TI). The strict sta- 
bility of the intensity of all com- 


Upper-Atmosphere Drag Sphere 


A unique balloon ejected from a 
two-stage rocket will soon make it pos- 
sible to measure drag directly at alti- 
tudes up to 300 miles. The balloon, 
an inflatable dacron-reinforced plastic 
sphere, carries an accelerometer sen- 
sitive to 10 g and telemetering equip- 
ment in an aluminum can at the center 
of a diametric inflatable plastic strut. 
The whole equipment forms an 18-lb 
package that will be ejected at an alti- 
tude of 60 miles by a Sparrow 
mounted as second stage on an Aero- 
bee booster. The balloon and strut 
will then be inflated by evaporating 
charges of ethyl alcohol and freon, re- 
spectively, and soar along the trajec- 
tory of the rocket to the programed 
altitude. It will take 7 or 8 min to 
reach a zenith of 300 miles, telemeter- 
ing as it goes. 

The system was designed and de- 
veloped by Arthur D. Little Inc. for 
AFCRC Geophysics Research Direc- 
torate. The Univ. of Michigan de- 
signed the special accelerometer. 
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This dacron-reinforced plastic sphere, 
developed by Arthur D. Little, Inc., 
for AFCRC, carries an accelerometer 
sensitive to 10° g and telemetering 
equipment for measuring drag at alti- 
tudes up to 300 miles. 


ponents in the range of distances 66,. 
000-150,000 km shows that we are 
dealing with emission on which the 
terrestrial magnetic field has no effect 
at such distances. This signifies that 
either the terrestrial magnetic field 
“disappears” at a distance of 10 radij 
(for example, because of the existence 
of an interplanetary field of strength 
3 X 10° oersted); or in the cosmos— 
more accurately, in interplanetary 
space—particles of energy within the 
range 1.5 x 108 — 4 X 10° ev/c are 
missing, if we assume that the dipole 
field extends to 20 earth radii. 

The number of charged particles of 
cosmic rays recorded by the Geiger 
counter is 2.3 particles/cm?/sec; and, 
according to the scintillation counter 
(Curve III of graph on page 23), it 
is 1.9 particles/em?/sec. The slight 
difference of these data is explained by 
the fact that the relativistic proton, 
passing through the edges of the crys- 
tal, may lose the energy below the 
threshold energy of 4.5 mev. The in- 
troduction of a correction for the de- 
crease of effective cross section of the 
crystal sets these data in agreement. 

Therefore, the flow of primary cos- 
mic particles is 2.3 + 0.1 particles 
cm?/sec—the error characterizes the 
uncertainty in the dimensions of 


counter and crystal—or 0.18 + 0.008 | 
particles/cm*/sec sterad. This value | 


agrees well with measurements car- 
ried out on balloon sounds in_ the 
stratosphere at high latitudes, and 
shows that the somewhat high value 
of intensity in rocket tests is connected 
to the albedo from the atmosphere. 

The photon intensity (after deduc- 
tion of pulses bound to penetrating 
particles) amounts, within the range of 
45-450 kev, to 3.2 + 0.1 photons/ 
cm?/sec and, within the range of 
450-4500 kev, to 1 + 0.1 photon/ 
cm?/sec. These numbers give ati 
evaluation of intensity of the X-ray 
and gamma emission in cosmic space. 
However, it is not excluded that a 
significant part of the recorded pho- 
tons, particularly within the range of 
450-4500 kev, is produced by cosmic 
rays in the matter surrounding the 
crystal. The role of this effect is at 
present being defined more accurately. 

The photon energy flux is rather low 
and introduces practically no contribu- 
tion to ionization. The ionization in 
the crystal is 1.42 10° ev/sec or 8 X 
108 ev/g/sec; the mean ionization of 
particles is 3.5 X 10° ev ‘cm?/g, which 
exceeds by 2.5 times the minimum 
ionization in Nal. The higher ioniza- 
tion is explained well by the presence 
in the composition of primary cosmic 
rays of @-particles and heavier nuclei, 
taking into account that a part of them 
are not relativistic. 
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_..NEWS IS HAPPENING AT NORTHROP) 


Shown above: Northrop’s T-38 Talon, F-89 Scorpion 
and $M-62 Snark — all served by Nortronics’ mechan- 
ical, electronic and servo-hvdraulic GSE applications. 


@ ee 


For the Hawk missile, Nortronics supplies Raytheon Manufac- 
turing Co. with the loaders, launchers, and auxiliary handling 
equipment. Throughout concept, design and_ production, 
Nortronics has kept this program on-—or ahead of schedule. 


NORTRONICS TOTAL GROUND SUPPORT 
—KEY TO DEFENSE READINESS! 


By integrating mechanical, electronic and servo-hydraulic skills into 
a wide variety of ground support equipment applications, Nortronics 
demonstrates an understanding of the total weapon system. 


Nortronics conceives, designs and manufactures GSE around a 
knowledge of the weapon’s mission, its operational and maintenance 
concepts, and the facilities and skills of its field operators. 

Twenty years of specialized experience gives Nortronics the ability 
to get the job done — to translate your most complex GSE require- 
ments into reliable hardware — on time — and at minimum cost. 


For immediate help with your GSE requirements, call Nortronics 
today. Or write: Chief Applications Engineer, Dept. 2003-H3, 
Nortronics, 500 E. Orangethorpe Ave., Anaheim, California. 


NORTRONI 


NORTHROP CORPORATION 
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Drag Brake 


( CONTINUED FROM PAGE 35 ) 


included in a design. Finally, a re- 
duction in the number of components 
needed to accomplish the several func- 
tions will always be an advantage from 
the overwhelmingly important stand- 
point of reliability. 

The satellite design presented here 
has been evolved from a series of de- 
sign exercises carried out over the past 
three years. It was clear at the outset 
that the environment in which a satel- 
lite re-entry vehicle needs to operate 
required a fresh look at basic struc- 
tural design. History shows us that 
extrapolations from one medium to 
another can be very misleading and 
bring undesirable results. This cer- 
tainly was the case for Francesco 
Lana, who in 1670 tried to extrapolate 
his knowledge of boats into a medium 
one thousand times less dense. The 
flying machine design which resulted 
from his efforts was reminiscent of 
sailboats of that era. Similar extrapo- 
lation’s of our knowledge of aircraft 
and missiles, which operate in dense 
air, into an environment where the 
air is ten thousand times less dense, 
result in manned re-entry vehicles not 
unlike high-speed aircraft. It seems 
to us that extrapolations of today’s air- 
planes or missile nose cones will be as 
misleading as Lana’s design effort. 


We set ourselves the task of design- 
ing a structure compatible with the en- 
vironment in which it must operate. 
Investigation revealed the ability of 
drag variation to serve as the basic 
landing point control. As a result, the 
complexities of lifting vehicles were 
discarded in favor of a series of vari- 
able-drag devices, which have been 
termed “drag brakes.” Continued en- 
gineering effort in the design of light- 
weight foldable structures has resulted 
in an inverted umbrella-like design. 

The manned satellite design pro- 
posed is built around the stainless-steel 
drag brake shown on page 35. Open- 
ing and closing the structure in or- 
bit results in a 20:1 drag variation. 
This drag variation causes a corres- 
ponding change in the rate of descent 
or orbital lifetime. Controlled varia- 
tion of the drag according to a preset 
program permits landing at a_pre- 
selected point with an accuracy of 
+ 150 n. mi. The extended structure 
has a low loading, only 1!/, Ib/ft?, and 
consequently the vehicle decelerates 
high in the atmosphere, and radiates 
re-entry heat away at temperatures 
which never exceed present gas turbine 
practice. 

It is a fortunate coincidence that 
the drag brake also vields a sufficiently 
low terminal velocity that no addi- 
tional parachutes are required for land- 
ing at ground level. 

Thus we propose a single new com- 


RE-ENTRY POINT 


DECELEROMETER MUST READ 0.05 Q's 
WITH DRAG BRAKE FULLY OPENED 


/ 
/ 


LANDING 
CORRIDOR 


(CONTROL SYSTEM 

ADJUSTS DRAG BRAKE 
POSITION TO MAINTAIN 
DECELERATION WITHIN THE 
LIMITS OF THE CORRIDOR) 
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Schematic of Landing Point Control 


END OF VARIABLE DRAG 


LANDING POINT 


PHASE OF RE-ENTRY 


DESIGN ALTITUDE 


(DESCENT TO LANDING 
SLOT CAN BE ACCOM- 
PLISHED IN APPROX- 
IMATELY ONE ORBIT 
FROM DESIGN ALT.) / 


LANDING SLOT 


DEFINED BY DECELERATION NECESSARY 
TO ACCOMPLISH LANDING 180° LATER 


ponent, the drag brake, which per. 
forms a multiplicity of functions that 
are performed by individual systems in 
other designs. In addition to the ob. 
vious reliability advantage, this simple 
component brings very — substantial 
weight savings. 

Let us look further into the drag 
brake satellite’s design and_ perform. 
ance, narrow our discussion by omit- 
ting problems of human engineering, 
such as cabin ecology, emergency es- 
cape, and communications, and treat 
only aspects which differ from the 
retrorocket approach. 


Folded on Booster 


During launch, the drag brake satel- 
lite is mounted on the booster in the 
folded position, as illustrated on page 
35. The man lies in the recom- 
mended supine position on a con- 
toured couch inside the capsule. The 
flexible drag brake covering is care- 
fully folded inside the ring of ribs. A 
tractor-type escape system is mounted 
at the forward end of the ribs. The 
drag brake is covered by a protective 
nose cover. At staging, when the 
vehicle is essentially out of the dense 
part of the atmosphere, the nose cover 
and escape system are jettisoned. 

The booster vehicle accelerates the 
satellite until the proper velocity vector 
has been achieved. Then the satellite 
and booster are separated gently and 
the drag brake vehicle starts its jour- 
ney in space. The satellite will be 
launched into a 105 n. mi., near-circu- 
lar orbit. This orbit allows a lifetime 
of two days in the low drag, or closed 
position, of the drag brake and also al- 
lows emergency recovery in 2 hr. It 
should be pointed out that emergency 
recovery times of less than the orbital 
period do not make sense because re- 
covery must be effected at a specific 
point in every orbit in order to mini- 
mize the vast problem of location after 
landing. 

At 105 n. mi. the small but distinct 
amount of residual atmosphere exerts 
forces on the vehicle. Because of the 
large extended structure of the brake, 
even in the closed position, these forces 
are sufficient to exert the necessary 
movements to orient the vehicle into 
the air stream. The period of this mo- 
tion at 105 n. mi. altitude is several 
minutes. 

For a drag brake satellite, re-entry is 
made up of a number of distinct 
phases. First, the satellite descends 
from the orbital altitude to the region 
from which a controlled re-entry is 
made. Next, the drag is controlled ac- 
cording to a preset program for about 
half an orbit in order to achieve a 
given velocity vector at a particular 
point. Finally, the drag brake is fixed 
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NOTABLE ACHIEVEMENTS AT JPL... 


PIONEERING IN SPACE RESEARCH 


Another important advance in man’s 
knowledge of outer space was provided 
by Pioneer III. This, like many others of a 
continuing series of space probes, was 
designed and launched by Jet Propulsion 
Laboratory for the National Aeronautics 
and Space Administration. JPL is admin- 
istered by the California Institute of 
Technology for NASA. 

During its flight of 38 hours, Pioneer III 


CALIFORNIA 


JET PROPULSION 


was tracked by JPL tracking stations 
for 25 hours, the maximum time it was 
above the horizon for these stations. 
The primary scientific experiment was 
the measurement of the radiation en- 
vironment at distances far from the Earth 
and telemetering data of fundamental 
scientific value was recorded for 22 hours. 
Analysis of this data revealed, at 10,000 
miles from the Earth, the existence of a 


belt of high radiation intensity greater 
than that observed by the Explorer 
satellites. 

This discovery is of vital importance as 
it poses new problems affecting the dis- 
patch of future vehicles into space. The 
study and solution of such problems 
compose a large part of the research and 
development programs now in extensive 
operation at the Laboratory. 


INSTITUTE OF TECHNOLOGY 


LABORATORY 


A Research Facility operated for the National Aeronautics and Space Administration 


OPPORTUNITIES NOW OPEN 
IN THESE CLASSIFICATIONS 


APPLIED MATHEMATICIANS 
AERONAUTICAL ENGINEERS . 


PASADENA, CALIFORNIA 


ENGINEERING PHYSICISTS 
RESEARCH ANALYSTS . 


COMPUTER ANALYSTS 
DESIGN ENGINEERS 


IBM-704 PROGRAMMERS 
STRUCTURES AND DEVELOPMENT ENGINEERS 
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Landing Point Control by Drag Variation 
OOTTED LINES SHOW LAST TWO ORBITS 
WITH DRAG BRAKE FULLY OPEN 
NO. OF ORBITS 
SOLID LINES SHOW ORBITAL ALTITUDE REMAINING 
WITH DRAG BRAKE FOLDED 
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in the open position at the onset of 
serious heating and the vehicle passes 
through the heating and deceleration 
peaks and achieves terminal velocity at 
about 200,000 ft. From here down 
the vehicle drifts at terminal velocity 
and lands at 50 fps at sea level. 

The principle of operation of the 
variable-drag landing point control is 
shown above. This concept depends 
simply on the fact that the descent 
rate or lifetime of decaying satellite 
orbits can be changed significantly by 
changes in the vehicle ballistic par- 
ameter W/C)A. For instance, from 
an altitude of about 90 n. mi. one can 
re-enter in as many as 15 orbits or in 
less than one orbit, depending on the 
drag brake position, i.e., ballistic 
parameter W/C,A. It can be shown 
that a large amount of control is avail- 
able by a 20:1 drag variation. In fact, 
in the geometric mean drag brake posi- 
tion, and only 3000 n. mi. from the 
landing point, one can still alter the 
landing point by approximately +2000 
and —1500 n. mi. 


Control System Philosophy 


A detailed control system philos- 
ophy which operates on the above 
stated principle has been developed. 
The system depends on two very sim- 
ple measurements—time and accelera- 
tion. The time serves to locate the ve- 
hicle with respect to the landing point. 
As long as the satellite is still in a 
nearly circular orbit, the orbital period 
is essentially invariant with the small 
ellipticities due to drag and drag varia- 
tions. Thus, the timing from either 
the insertion point or from a later fix lo- 
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cates the satellite accurately. This re- 
lationship holds until the onset of large 
deceleration forces. Thus, ideal or 
nominal drag variation with time can 
be established for the controlled drag 
phase of re-entry. A body-mounted 
accelerometer measures this drag and 
compares it to the measured drag and 
to the nominal value desired. The 
control system can then sense whether 
the drag is correct, too high, or too low 
and can produce signals which vary 
the drag brake position so as to elimi- 
nate the difference between the nomi- 
nal and measured values. It should be 
pointed out that this system does not 
require accurate information about the 
orbit, and therefore the tracking re- 
quirements are simplified. 

This control system is capable of 
correcting the effect of ellipticity, alti- 
tude error at the start of the controlled 
phase, errors in our knowledge of the 
upper atmosphere, and density varia- 
tions of either the latitude or diurnal 
type. The result of an error analysis 
fixes a density range from which the 
control system is able to achieve a 
landing point accuracy of +150 
n. mi. in the orbital plane. This 
is indicated by the “landing slot” 
shown on page 90. During the con- 
trolled phase the satellite flies within 
the “landing corridor,” correcting the 
drag brake position in accordance with 
the control system dictates, until it 
achieves the proper velocity vector at 
the re-entry point. 

From the re-entry point to final 
touchdown, no further functions are 
required. The nose of the capsule has 
heated up to a temperature of about 
500 F, and the vehicle is now only 


1000 n. mi. from the final landing 


point. Up to this point, the linear re. 
lationship between distance and time 
have been accurate to +20 n. mj 
At the low drag parameter (W/C,A) 
of 1.5, peak heating occurs at a very 
high altitude, and consequently the 
heat transfer rates and the radiative 
equilibrium temperatures are relatively 
low. The maximum temperature en. 
countered by the structure at the cap. 
sule nose surface is less than 1500 F, 
assuming an emissivity of 0.85. The 
drag brake surface, which can radiate 
from both the front and rear surfaces, 
never exceeds an equilibrium tempera. 
ture of 1200 F. At peak heating, 
reached at 270,000 ft altitude, the de. 
celeration is about 4 g. After peak 
heating the deceleration continues to 
increase and reaches 8.2 g at 233,000 
ft. The time above 8 g is approxi- 
mately 20 sec, and is well within the 
established limits of human endurance, 
At peak deceleration the maximum 
temperature has already decreased to 
1130 F, as indicated in the graphs on 
page 96. 

The relative time of occurrence of 
the peaks of heating and deceleration 
point out an interesting possibility for 
future drag brake vehicles. 
instant of peak heating (i.e., 4 g) the 


acceleration is held constant by retract- | 


ing the drag brake slightly, then the 
peak re-entry deceleration can be re- 
duced to 4 g without any increase in 
maximum temperature. The peak 
heating condition would merely be 
held for a somewhat longer time, 


which does not penalize a radiating re- | 


entry vehicle structure. 


Terminal Velocity 


The drag brake continues to deceler- 
ate and approaches terminal velocity 
just under 200,000 ft. The terminal 
velocity decreases with increasing air 
density until] at sea level the vehicle 


lands at 50 fps. During the terminal | 
descent, which takes approximately 15 — 
min, the large metallic surface is an ex- © 
cellent radar target for tracking and lo- | 


cating the vehicle at the landing. 
The mechanical problems of build- 


ing a drag brake satellite system have | 
The device | 
consists of four basic components, i.e, | 


been faced in some detail. 


the ribs, the covering material, the ac- 
tuating mechanism, and the capsule. 
Of these, the ribs represent over 50 per 
cent of the total weight of the drag 


brake, and consequently have been | 
The total 


analyzed in most detail. 
weight of the ribs could be reduced by 
decreasing the number of ribs. How- 
ever, the consequent departure from a 
true spherical surface due to the scal- 
loping effect of the covering between 
the ribs would increase the heat trans- 
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___ The several units pic- 


AiResearch has designed, developed, 
manufactured and delivered thousands 
of missile accessory power units. Ex- 
tremely reliable and lightweight, these 
various solid and liquid monopropel- 
lant APUs are completely self-sustain- 
ing within the missile system. Designed 
to minimum space and weight require- 
ments, they are built to withstand high 
G loading and severe temperature 
extremes. 


1. Solid propellant—hydraulic output 2. Liquid propellant 
4. Liquid propellant—hydraulic and electric output 5. Solid propellant—hydraulic and electric output 
6. Solid propellant—hydraulic, electric and steering outputs 


tured above provide hydraulic, elec- 
trical and/or steering surface control 
depending on the customer’s require- 
ment. Delivered horsepower ranges 
from 1.2 to 35 h.p. over hot gas oper- 
ating durations from 30 seconds to 20 
minutes. Electrical regulation is main- 
tained as closely as + 4%. A significant 
advance in missile APUs is unit #6 
pictured above. This package repre- 
sents the first integrated hydraulic and 
electrical power unit providing 


DELIVERED thousands 
missile APUs 


~hydraulic and electric output 3. Solid propellant—electric and mechanical drive output 


a steering surface actuation system. 

These tailored systems utilize the 
extensive hardware experience and 
complete laboratory, test and produc- 
tion facilities of AiResearch needed 
for quick and efficient quantity 
production of complex APU systems. 
AiResearch is the world’s largest and 
most experienced manufacturer of 
lightweight turbomachinery — the key 
component of its APU systems. Your 
inquiries are invited. 


CORPORATION 
AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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PORT OF EMBARKATION 


In the decade of missilery ahead, prime contractor 


capability must go far beyond the requirements 

of hardware design and manufacture, New 

3 expericnce and facilities are now required in the 
increasingly critical launching phase—from 

ground handling and testing to countdown 

A and data control, 


Martivs Cocoa Division ts the first organization 


of its kind devoted exclusively to this 
specialized area. Accomplishments have 


already established new operational standards 


at Cape Canaveral, one of the tio U.S. ports 
of embarkation for the major space events 


of the decade ahead, 


: An example of the latest development 
in electronic fail-safe launching equipment 


is the new Martin Master Operations 


Control MOC, system, which automatically 


monitors count-down procedures tn thee 
test firing of research and development-type 
TITAN missiles. With equipment such 
as this, TITAN launchings have achieved 


unheard-of performance reliability. 


Astronautics / July 1959 


| 
i. 
| | 
\ 
| 
| 
| 
ah 


The Cocoa Division 


is one of the 
seven divisions 


of The Martin Company 


BALTIMORE: DENVER: ORLANDO 


fer on the ribs. The ribs are 0.020-in. 
stainless-steel beams with reinforcing 
cap strips. Buckling due to compres- 
sion of the cap strip is the most critical 
design condition. 

The covering material must be as 
light as possible. Stainless-steel cloth 
made of 0.001-in. wire woven into a 
close, 400 by 400 mesh is commercially 
available. This material meets all the 
requirements except that it is some- 
what porous. Even a small amount of 
porosity increases the heat transfer on 
the drag brake significantly due to the 
removal of the cool boundary layer air 
blanketing the surfaces. 

Several methods of reducing the ob- 
jectionable porosity are under consid- 
eration. It is presently possible to 
build up a drag brake skin out of a 
layer of the above cloth, then a layer 
of thin (0.0005 in.) solid sheet but 
cut into circumferentially aligned rib- 
bons or shingles, and finally another 
layer of cloth of a coarser mesh. The 
shingles will eliminate the porosity, 
yet are flexible enough to satisfy the 
folding requirements. The two layers 
of cloth maintain the shingles in place 
and prevent tearing. The air loads 
can actually be transmitted to the ribs 
by any one of the three layers alone. 


Light Structures 


The actuating system and capsule 
do not represent serious design prob- 
lems. It is mostly a question of arriv- 
ing at the lightest and simplest struc- 
ture for each. Actuation can be either 
pneumatic, electric, or mechanical. A 
two-way pneumatic system is presently 
proposed. The pneumatic system has 
the advantage for manned vehicles of 
not requiring any components inside 
the capsule and allowing for explosive- 
actuated emergency opening  pro- 
cedures. For applications where the 
‘apsule geometry restrictions are less 
severe than in the manned vehicle, 
mechanical systems may be better so- 
lutions. 

The optimum pressure vessel, a 
sphere, is nearly a compatible capsule 
shape for the drag brake vehicle. 
Only a slight conical section need be 
interposed between the spherical top 
and bottom halves. The conical sec- 
tion is extended both up and down to 
form the hinge points for the drag 
brake. This capsule weighs only a few 
per cent more than an equivalent 
spherical vessel. 

One more design consideration 
which is peculiar to the drag brake 
must be discussed. In this design the 
configuration was dictated by the or- 
bital, re-entry, and escape conditions, 
rather than by the sea level landing 
speed. The resultant landing velocity 
of 50 fps is somewhat higher than has 
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People in the news 


APPOINTMENTS 


President Eisenhower has named 
George Bogdan Kistiakowsky, profes- 
sor of chemistry at Harvard Univ., to 
succeed James R. Killian Jr. who re- 
signed as Special Assistant for Science 
and Technology. 

Joseph V. Charyk, AF’ chief scien- 
tist, has been nominated as AF assist- 
ant secretary to succeed Richard C. 
Horner, who resigned to become 
NASA associate administrator. 


Kurt Stehling has been appointed 
assistant to Homer J. Stewart, NASA 
director of program planning and 
evaluation. He was formerly head of 
the Vehicles Branch at NASA’s God- 
dard Space Center. 


John P. Hagen, chief of NASA’s 
Vanguard Div., has been appointed 
assistant director for program coord:- 
nation for the agency. Milton B. Ames 
Jr., former chief, Aerodynamics and 
Flight Mechanics Div., becomes as- 
sistant director of aeronautical and 
space research (aeronautics and flight 
mechanics), while David H. Newby, 
chief of the Army Ordnance Corps 
Test and Evaluation Lab, Redstone 
Arsenal, becomes NASA representa- 
tive at AOMC. 


Robert M. Lawrence, ARS. treas- 
urer, has been appointed assistant to 
the treasurer and controller of Thiokol 
Chemical Corp. W. M. Mebane, be- 
comes secretary, and is succeeded by 
Joseph W. Wiggins, assistant divisional 
manager, as manager of the Redstone 
Div. James T. Grey, former scien- 
tific adviser to the director of R&D, 
USAF Headquarters, has been ap- 
pointed director of Thiokol’s research 
planning staff, Rocket divisions. 


Col. Charles H. Terhune Jr., deputy 
commander for ballistic missiles, has 
been promoted to vice commander, 
AF Ballistic Missile Div. 


Alan J. Grobecker, project engineer 
with NAA Autonetics Div., has ac- 
cepted a one-year appointment with 


Hagen Newby 
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the Advanced Research Projects Diy. 
of the Institute of Defense Analysis. 


Joseph G. Logan and C. J. Wang 
have been appointed managers of the 
Propulsion Research Dept. and Pro- 
pulsion Systems and Development 
Dept., respectively, at Space Tech- 
nology Lab, Inc. James R. Dunn and 
Morton Goldman have been named 
manager and associate manager, re- 
spectively, of the Liquid Rocket En- 
gines Dept., Propulsion Lab. David 
E. Shonerd becomes assistant program 
director for the Minuteman program, 
and Arnold R. Anchordoguy, program 
director for the Thor weapon system, 
succeeding A. K. Thiel, who is now 
program director for experimental 
space projects, R&D Div. 


A. John Gale, vice-president and 
director, applied physics, High Voltage 
Engineering Corp., is the newly 
elected president of Goodrich-High 
Voltage Astronautics, Inc. P. William 
Perdriau, general manager of B. F. 
Goodrich Aviation Products Div., has 
been appointed board chairman. 


H. Douglas Lowrey has been pro- 
moted from director of operations, 
Chrysler Corp., Missile Div., to as- 
sistant general manager of the divi- 
sion. 


Joining Aeronutronic Systems Tact- 
ical Weapon Systems Div. are Herbert 
K. Weiss, former chief, Weapon Sys- 
tems Analysis Dept., Northrop Air- 
craft, as manager of advanced systems 
development; Louis H. Brenwald, 
former chief of flight test on the Titan 
ICBM program, as manager of sys- 
tems test and prototype fabrication; 
and John F. Cooney, former manage- 
ment development manager, Ford 
manufacturing staff, as manager of 
administration. 


Harold S. Geneen, former executive 
vice-president of Raytheon Co., has 
been elected president and chief ex- 
ecutive officer of IT&T, succeeding 
Edmond H. Leavey who will serve as 
board chairman until his retirement 
this summer. 


Wiggins 


In a move to decentralize its Data 
Processing and Military Products diyi- 
sions, IBM has named T. V. Learson 
vice-president and group executive for 
the following divisions and their new 
general managers: Data Systems, Wil- 
liam B. McWhirter; General Products, 
Orland M. Scott; and Advanced Sys- 
tems Development, J. A. Haddad, 
McLain B. Smith has been made vice. 
president and group executive for the 
following: Data Processing, Gilbert 
E. Jones; Federal Systems, Charles 
Benton Jr.; Supplies, James E. Swaine 
Jr.; and Frank T. Cary who becomes 
president of the Service Bureau Corp,, 
a subsidiary. Ralph L. Palmer has 
been named assistant director for engi- 
neering on the staff of the vice-presi- 
dent, research and engineering. 


James V. Crawford and Norman 
M. Brown have been named chief 
engineer and assistant chief engineer, 
respectively, of Garrett Corp.’s AiRe- 
search Mfg. Los Angeles Div.  Hel- 
mut Schelp becomes chief engineer, 
Carl Paul, assistant chief engineer, and 
C. F. Blanding, engineering manager 
in the Phoenix Div. 


Robert W. Meals, becomes techni- 
cal representative for Hercules Powder 
Co., at Redstone Arsenal, and will be 
succeeded by Richard Winer, as as- 
sistant manager at Allegany Ballistics 
Lab. 


Roger Newman has joined Hughes 
Aircraft Co. as head of the Physics 
Dept. of the Materials Research Lab, 
Products Group’s Semiconductor Div., 
while Robert D. Teasdale becomes 
head of the Systems Analysis Dept., 
Ground Systems Group. Lt. Gen. 
Stanley R. Mickelsen (Army-Ret.) 
joins GSG as technical adviser. Ar- 
thur M. Ross and George L. Sansbury 
join the engineering laboratory as sen- 
ior members of the technical staff. 


William P. Sloan, has been ap- 
pointed manager of Ryan Aeronau- 
tical’s Washington, D. C., office on as- 
signment to the Military Relations 
Div., and Vice Adm. Charles F. Coe 


Lowrey 


Gale 


Dyna-Soar (for dynamic soaring) is a joint 
project between the Air Force and the NASA, 
and is an attempt to solve the technical prob- 
lems of manned flight in the sub-orbital regions. 
Advance knowledge on the project indicates 
how a boost-glide vehicle can operate from the 
outer fringes of the atmosphere where it can 
maneuver and be recovered undamaged. Studies 
show that by varying the original rocket boost, 


Tmk(s) ® 


and thus the velocity, and with the control 
available to the pilot, the Dyna-Soar aircraft 
can circumnavigate the earth, followed by a 
normal and controlled landing. Boeing Airplane 
Company, one of the competing companies for 
the development contract for the complete 
boost-glide system, has delegated to RCA the 
responsibility for the development of important 
electronic components of Dyna-Soar. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS 
CAMDEN, N. J. 
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Metcalfe Lebovits 


(Navy-Ret.), has been named execu- 
tive adviser to Bruce Smith, vice-presi- 
dent, military relations, and also as 
military consultant to Sloan. 


Murray Shabsis has been upped 
from senior engineer, guidance and 
control, to section chief, controls, Solar 
Aircraft Co. Arthur G. Metcalfe, 
former supervisor of physical metal- 
lurgy, Armour Research Foundation, 
has been named assistant director of 
research, while Morris Lebovits, 
former aerodynamics chief at Northrop 
Radioplane Div., becomes section 
chief, aerodynamics. 


David Altman has been elected a 
vice-president of United Research 
Corp. Joseph Yamron, former section 
head, flight control systems group at 
MIT’s Instrumentation Lab, becomes 
project engineer in charge of flight 
control systems, Hamilton Standard 


Div. 


Edwin G. Schneider, former chief 
engineer, Sylvania Electronic Systems 
Div., has been named vice-president 
of research and engineering. New 
general managers for divisional op- 
erations are Richard M. Osgood, for 
Waltham (Mass.) Labs; H. C. Tittle, 
for Buffalo (N.Y.) operations; and E. 
J. Vigneron, for Data Systems Opera- 
tions, Needham, Mass. 


William A. Mussen, former chair- 
man of Southwest Research Institute’s 
Electrical Engineering Dept., has been 
named chief development engineer 
for the Singer-Bridgeport facility of 
Singer Military Products Div. 


Franz Fischer, former principal en- 
gineer in the Research Dept. of Bulova 
Research and Development Labs, has 
joined the Aircraft Equipment Div. of 
Consolidated Diesel Electric Corp. as 
a staff scientist. 


Brig. Gen. Joseph A. Bulger (AF- 
Ret.), has joined Sperry Gyroscope 
Co. as director of plans and systems, 
Countermeasures Div. William F. 
Horn has been appointed manager of 
field operations in California, Nevada, 
Utah, Arizona, Colorado, and Wyo- 
ming. 
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Schneider Fischer 


Arthur Ash has joined Spacelabs, 
Inc., in an executive capacity. 


Donald W. Smith has been elected 
president of General Precision Equip- 
ment Corp. He formerly was presi- 
dent of Kearfott Co., Inc., a subsid- 
iary, where he is currently board chair- 
man. Fred D. Herbert Jr. has been 
elected president of Kearfott Co. 


T. P. Cheatham has been named 
manager of the new Applied Science 
Div. of Melpar, Inc., and Robert 
Snow, assistant manager. David Van 
Meter and Glenn Fellows will head 
the Research and Advanced Design 
departments, respectively. John 
Gerdes becomes manager of research 
project coordination. In the Advanced 
Design Dept., Fred Benkley has been 
promoted to manager of engineering 
project coordination; Alvan S. Berner, 
to head of systems design; Theodore 
C. Randall, to head of circuit design; 
Frank G. Usseglio, to head of me- 
chanical design; and Lawrence W. 
Gay, to head of all support services. 


Peter L. Nichols heads the new 
propulsion group recently formed 
within Stanford Research Institute’s 
Poulter Labs, while Raffaele F. Mu- 
raca will direct work in chemistry and 
physics, and Thor L. Smith, under- 
takes propellant research and develop- 
ment. 


Gordon S. Burroughs has been ap- 
pointed vice-president of CBS Labs, 
in charge of the newly expanded Mili- 
tary and Industrial Electronic Systems 
Dept. Alfred E. Kaspaul has been 
made technical manager of the Solid 
State Physics Labs, and Nicholas 
Fuschillo joins the company as head 
of its Solid State Physics Dept. 


Rear Adm. Caleb B. Laning (USN- 
Ret.), has been named assistant to 
the president of Stavid Engineering, 
Inc. 


Maj. Gen. T. C. Odom (AF-Ret.) 
has been appointed director of systems 
management for IBM’s Military Prod- 
ucts Div. J. A. Haddad and Bryon L. 
Havens have been named general man- 
ager and technical director in charge 
of all engineering and technical activi- 


— 


Billings 


Odom 


ties, respectively, of the newly formed 
Advanced Systems Development Div. 


Frank A. Parker, former director, 
technical development, American Ra- 
diator and Standard Sanitary Corp., 
has moved to the Defense Dept. as 
assistant director, defense research 
and engineering for undersea warfare. 
Bruce H. Billings, vice-president and 
director of Baird-Atomic, Inc., will 
serve as assistant director of research 
and engineering, in charge of special 
projects. 


HONORS 


Herbert Friedman, Superintendent 
of NRL Atmosphere and Astrophysics 
Div., has received the Defense Dept.’s 
Distinguished Civilian Service Award 
“for development of radiation detec- 
tion devices and conduct of important 
research in astronomy and astrophys- 
ics, including the first ultraviolet rocket 
survey of the celestial sphere.” 


S. K. Hoffman, general manager of 
Rocketdyne Div. of North American 
Aviation was presented with the Rob- 
ert H. Goddard Memorial Trophy at 
the National Missile Industry Con- 
ference for “his outstanding individual 
contribution to astronautics during 
1958.” 


Karel J. Bossart, assistant to the 
vice-president-engineering for Con- 
vair Div. of General Dynamics Corp.. 
has been named “Man of the Year 
in Science” by the California Air Force 
Assn. 


Harvey D. Palmer, Hughes Aircraft 
engineer, has been awarded an AF 
citation for meritorious service and 
significant contribution to the Air De- 
fense Systems Integration Div. at 
Hanscom Field, Bedford, Mass. Theo- 
dore G. Macklin, manager of ‘field 
engineering in the Hughes Field Serv- 
ice and Support Div., Culver City. 
and Merle Holpert, Hughes manager 
of services and head of outside produc- 
tion at the Tucson plant, have been 
awarded Alfred P. Sloan Foundation 
Fellowships to attend a one-year 
course in executive development at 
MIT's school of industrial manage- 
ment. 


You can learn a lot about using argon efficiently 
from the people who make it—Linde Company. 
This gas is well established as the best atmosphere 
for honeycomb brazing. Yet some fabricators may 
be using far greater volumes than they actually 
need. 

This is where LINDE can help in reducing costs. 
LINDE’s “three-phase” concept of argon applica- 
tion includes: 

Providing a ready supply of gas to the specifi- 

cations you require; 

Maintaining purity during distribution within 

your plant; 


Getting maximum results from the argon used. 


More mileage from Argon 
in Honeycomb brazing 


“Linde” and “Union Carbide” are registered trade marks of Union Carbide Corporation. 


LINDE is uniquely qualified to perform this serv- 
ice because of its extensive work with honeycomb 
fabricators...and its experience in the production, 
handling and storage of industrial gases. For aid 
in the use of argon atmospheres, write Dept. AA-7, 
Linde Company, Division of Union Carbide Cor- 
poration, 30 East 42nd Street, New York 17, \. Y. 
In Canada: Linde Company, Division of Union 
Carbide Canada Limited. 
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World’s Most Beautiful Rocket Test Area? 


Japanese TLRM-1ID ground-to-air rocket soars aloft from 
what may well be the world’s most beautiful test area— 
the firing range maintained by the Japanese Self-Defense 
Board’s Technical Research Lab near the North slope of 


Mt. Fuji. 


The liquid-fuel rocket, built by Mitsubishi- 


Nagasaki and using a booster made by Fuji Seimitsu, is 
3.3 m long, weighs 253 kg, and attained a speed of 115 


m ‘sec in the test. 


Positive lons in the lonosphere 
( CONTINUED FROM PAGE 31 ) 


axis—are enclosed in a vacuum-tight 
stainless-steel envelope, the left end of 
which is mounted on the skin of the 
rocket and is open to the surrounding 
atmosphere. As the rocket travels up 
through the ionosphere, ambient posi- 
tive ions diffuse into the tube through 
the first grid, which is electrically 
grounded to the rocket skin. The sec- 
ond grid is connected to a negative 
voltage (V4) which produces an ac- 
celerating field in the region between 
the first and second grids. A positive 
ion of mass m and charge e will ac- 
celerate toward the right and by the 
time it crosses the second grid will 
have attained a velocity v determined 
by the energy equation 1/, mv? = 
eV,. By the proper setting of V4, 
an ion of any given e/m ratio can be 
made to attain a certain fixed velocity 
v, for which the tube was designed. 
The following grids form the an- 
alyzer, which allows only those ions 
having velocity v, to reach the col- 
lector at the far right end of the tube. 
Examination of the above equation, 
assuming fixed v, and singly charged 
ions, reveals that the singly charged 
ion of mass m that is allowed to trav- 
erse the tube is directly proportional 
to Vy, or m = 2e/v," V4. This means 
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that if V, is slowly varied in a saw- 
tooth manner, then the value of m, 
which is analyzed at any instant, is 
linear in the same way. 

The velocity filter, which passes only 
those ions having velocity v,, is com- 
posed of three sets of three grids (grids 
“2” through “10”) separated by two 
drift spaces. The outer grids of each 
triplet are all electrically connected 
together to Vy. The center grids of 
the triplets are also connected together 
and via a resistance (R) to Vy. Im- 
pressed across this resistance is an RF 
sine wave voltage (Vp, < V4). 


Grids Are Tied to V, 


Thus all grids are tied to V, DC- 
wise, but the center grids of each set 
have a little RF added to their in- 
stantaneous DC level. Ions travers- 
ing the first triplet are subject to 
the RF field while between grids “2” 
and “4”. The RF frequency and grid 
spacings are so chosen that, if the 
ion with velocity v, crosses the center 
grid at 180 deg RF phase angle, a 
maximum impulse of energy is  im- 
parted to the ion. Because ions drift 
into the tube at random, some of the 
ions having velocity v, enter at nearly 
the required phase angle. Those 
which enter with the wrong velocity 
or phase will gain less than the max- 
imum energy or may even lose energy. 
The selected ion. having gained in- 


cremental energy Aw, enters the first 
drift space, the length of which jg 
such that an ion traveling with speed 
v, traverses the distance between cen. 
ter grids in exactly an integral number 
of RF cycles. If the ion enters the 
first triplet with the proper phase and 
velocity, it will automatically do the 
same in the second triplet, and once 
again in the third. This selected ion 
leaves the last triplet with a 3Aw ex. 
cess of energy over that with which 
it entered the tube. 

In order to reach the collector and 
so register a successful passage, the 
ion must pass through a barrier grid 
which is set at a positive DC voltage 
slightly lower than 3Aw volts. Those 
ions which have gained close to the 
maximum incremental energy will 
cross this voltage barrier, while those 
which entered the analyzer with the 
wrong velocity or phase will approach 
the barrier with insufficient energy to 
cross. JIons which cross the barrier 
are neutralized at the collector, and 
the amplitude of electron current is 
telemetered to the ground recorders, 

For the rocket experiment, V4 was 
a linear 1°/,-sec sawtooth sweep volt- 
age generated by a motor-driven po- 
tentiometer. Two typical positive-ion 
spectra recorded at ground stations 
when the rocket was at an altitude of 
approximately 167 km are shown on 
page 31. The significance of the 
“harmonic” peaks will be explained 
later. 

The operation of the negative-ion 
mass spectrometer is almost identical 
to that of the positive ion, only all the 
DC grid voltage polarities are re- 
versed. The neutral-gas spectrometer 
uses a beam of electrons through which 
the entering atmospheric gas must pass 
before entering the analyzer section. 
Those particles which are ionized by 
this electron beam can then be ana- 
lyzed. This spectrometer, enclosed in 
a glass envelope, is vacuum sealed to 
prevent its contamination before flight. 
The tube is mounted just below the 
tip of the rocket. The ejection of the 
tip at approximately 100 km opens the 
tube to permit entry of gas and its 
subsequent analysis. 

The photo on page 31 is of the in- 
strumentation installed on an Aerobee- 
Hi rocket prior to flight at Fort 
Churchill, Canada, and shows the rela- 
tive placement of the spectrometers. 
The arrow points to the positive-ion 
spectrometer opening, which is  pro- 
tected by a dust cover. The negative- 
ion tube points out the other side of 
the rocket. The hardware section 
comes next and contains the telemeter. 
the radar transponder, batteries, and 
power-control relays. The tapered 


section contains all the electronics for 
the three mass spectrometers. The 
neutral-gas spectrometer is mounted 
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INIAFRAX® «. . . proves best refractory for 
NOZZLES AND CHAMBER LINERS” 


its 

. | NIAFRAX nozzles and chamber liners have been tested in a variety of liquid fuel rockets 

- with chamber pressures of the order of 500 psi and above . . . only slight erosion and cracking 
a- 

rs. | after as many as thirty-five or forty 60-second firings . .. have been fired continuously 


for as long as 5 minutes.” These test results summarize experience with NIAFRAX silicon-nitride-bonded 
© | silicon carbide, the refractory that permits hotter and, therefore, more efficient combustion. 


m_ | For details, write Dept. K-79, Refractories Division, The Carborundum Company, Perth Amboy, N. J. 
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: experienced in missile and gas turbine fields 4 


SEND FOR THIS BROCHURE | Sf 


YOUR TRIPLE OPPORTUNITY 
| AT SOLAR IN SAN DIEGO i 


ts” 


ABUNDANT 
LIVING 


GET THE FACTS about Solar and 
your triple opportunity — and do it 
without delay. 


Opportunity #1: The chance to get in 
on the ground floor and gain a key 
creative position with tremendous po- 
tential. Solar is humming with exciting 
and challenging programs. Solar’s Mis- 
sile and Space Group has several highly 
advanced projects under way, includ- 
ing a new ARPA Project involving a 
completely new anti-missile defense sys- 
tem. Many openings also exist in So- 
lar’s fast-moving gas turbine programs. 


Opportunity =2: You don’t get lost in 
the crowd! Solar is a medium-sized 
company (2500 people in San Diego) 
with a successful history since 1927. 
Personnel policies are advanced. Sal- 
ary and performance reviewed semi- 
annually, Liberal relocation allowances. 
Professional status of engineers is fully 
appreciated and recognized. A new 
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60,000 sq. ft. engineering building, 
necessitated by expanding research and 
development, will be completed in 
1959 on the edge of San Diego Bay. 


Opportunity +3: The chance to live 
better in sunny San Diego. This famous 
resort area has the finest year-around 
climate in the U.S. Recreational, cul- 
tural and educational facilities are ex- 
cellent. You and your family will enjoy 
life more at Solar in San Diego. 


Send for brochure giving complete 
details. Write to Louis Klein, Dept. 
E-412 Solar Aircraft Company, 2200 
Pacific Highway, San Diego 12, Calif. 
Why not send along your resume of 
qualifications to save time? 


SOLAR 


AIRCRAFT COMPANY DES MOINES 


on top of the electronics. A_ nose 
cone, of course, covers the equipment. 
Four Aerobee-Hi ion-composition rock. 
ets were flown during the IGY from 
Fort Churchill. 

Because the mass spectrometers an- 
alyze matter present in the immediate 
vicinity of the rocket, it is necessary 
to vacuum-seal the rocket to prevent 
contamination. In the Aerobee-Hi de. 
sign, vacuum-sealing is accomplished 
by the extensive use of O-ring gaskets 
at all joints and openings in the rocket 
skin in both the nose and tail sections. 
Finally, after burnout, pyrotechnic 
shutoff valves seal the propellant tanks, 

We now come to the bypassed topic 
of “harmonics.” Because a_ rocket 
sometimes acquires a negative charge 
in its passage through the ionosphere, 
the thermal ionospheric positive ions 
entering the spectrometer will have a 
net energy equal to the voltage V, of 
the rocket. For such an ion to ac- 
quire the proper velocity v,, V4 will 
have to be reduced by V, volts. Thus, 
the value of V, corresponding to a 
given mass m will be unknown in the 
absence of a measurement of V,. The 
V,-versus-mass relationship becomes 
m = 2e/v,? (V4 + V,), and a given 
m can no longer be identified with a 
known V4. 

This problem was solved with the 
aid of a new technique which used 
a heretofore unappreciated feature of 
the Bennett spectrometer. — Fortu- 
nately, there are certain fixed “har- 
monic” velocities other than v, with 
which an ion can traverse the spec- 
trometer and gain energy. This en- 
ergy gain is always less than 34w. 
But, by setting the barrier grid po- 
tential well below the 3Aw level, these 
harmonic ions can register. The top 
spectrum of the two shown on page 
31 was obtained under this lowered 
barrier grid condition. Thus, ions are 
purposely allowed to traverse the 
spectrometer for two different values 
of V,. The important feature of this 
mechanism is that the V, difference 
between a fundamental (v,) ion peak 
and its associated harmonic is always 
proportional to the true mass of the 
ion being analyzed (Vagundamental — 
Vanarmonie = K, -m). If, in addition, 
V,. is eliminated, we can write the 
differential mass scale equation for 
fundamental peaks as follows: Am = 
K.,-AV,. The mass-to-V, propor- 
tionality factor Ks is a constant, the 
value of which is fixed by the spec- 
trometer dimensions and the crystal- 
controlled RF frequency. Calibration 
of the spectrometer consists of ac- 
curately measuring Ky. 

If, as is the case of the top spectrum 
shown on page 31, there appear at 
least two fundamental ion peaks and 
their respective harmonics, an expres- 
sion for the mass of the lighter ion 
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(m,) can be written in terms of the 
mass difference (Am,,) between m, 
and the heavier m,, and the apparent 
mass differences between the funda- 
mentals and their respective harmonics 
am, and Am,, in this manner: 


AMry Am, 


Am, — Am, 


m, 


During a rocket flight, fundamental 
peaks are distinguished from harmon- 
ics by varying the barrier potential. 
The lower spectrum of the two ap- 
pearing on page 31 shows only fun- 
damental peaks. The required mass 
differences for the last equation were 
obtained from the spectra, and the 
absolute mass scale was determined 
as shown. Six positive ions have been 
identified on the four flights: Masses 
32+, 30+, 28+, 18+, 16+, and 14+ 
AMU. Of these six, masses 32+, 30+, 
and 16+ dominate the spectra. 

The graphs on page 31 show spec- 
tral peak amplitudes versus altitude 
for the first three Aerobee-Hi flights. 
The curves are based on a _ partial 
analysis of the flight data, and as such 
give the gross picture rather than the 
fine details of the final analysis. The 
relative abundance of an ion at a 
particular altitude is represented by 
the horizontal width of the area as- 
signed to each ion, the total of all 
three adding up to 100 per cent. 

For example, mass 30+ (nitric 
oxide) dominates the region below 
200 km at night. Mass 32+ (molec- 
ular oxygen), although abundant be- 
low 100 km during the daytime polar 
blackout, is only a minor constituent of 
the lower E-region during the night. 
Starting in the 130-km region, Mass 
16+ (atomic oxygen) appears on all 
flights, and above 200 km it becomes 
the predominant ion. 

The surprising and totally unpre- 
dicted feature of these distributions is 
the large amount of mass 30+, which 
is presumed to be nitric oxide. To 
date there has been no direct measure- 
ment of its neutral abundance. — Its 
discovery as the major constituent in 
the E-region permits a clearer inter- 
pretation of its formation and _ reten- 
tion. There are several ion-chemical 
charge exchange reactions responsible 
for the formation of NO+. An ex- 
ample is the reaction between atomic 
oxygen ions and neutral molecular 
nitrogen: O+ + No NOt +N. 

To complete the positive-ion inves- 
tigation, a special Bennett spectrom- 
eter was built to detect atomic and 
molecular hydrogen ions. This unit 
was flown in the fourth rocket of the 
series. The results were negative, in- 
dicating that the density of ionized 
hydrogen is less than 10° per cubic 
centimeter in the first 100 km of the 
ionosphere. 


At Los Alamos, one of the world’s finest physics labora- 
tories, the vast scope of modern physics research offers 
stimulating opportunity to versatile physicists who wel- 
come change and the pursuit of the unusual. Theoretical, 
nuclear and weapons physics are the major fields of 
endeavor — and physics is only one of the many sci- 
entific activities in which trained men and women with 


imagination find challenge at Los Alamos. 
Employment inquiries are invited. 


Write to: 
Personnel Director 
Division 59-61 


‘alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
| e LOS ALAMOS, NEW MEXICO 


| 
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Government contract awards 


NASA Names Convair 
Vega Prime Contractor 


In a $33.5 million contract, NASA 
has named Convair-Astronautics prime 
contractor for Vega. The Convair con- 
tract calls for eight vehicles by the 
end of 1961. 


Callery Chemical Gets 
Rocket Propellant Study 


Evaluation of a new and classified 
rocket propellant, which would per- 
mit substantial increases in payload 
weight and would be noncryogenic, 
will be undertaken by Callery Chem- 
ical under a $175,000 NASA contract. 
Reaction Motors will be a major sub- 
contractor. 


High-Altitude Rocket System 
Developed for ARDC 


A 29-lb rocket system, tagged Owl, 
which provides meteorological sound- 
ings at altitudes as high as 240,000 ft, 
has been developed by BJ Electronics, 
Borg-Warner Corp., under an ARDC 
contract supervised by AFCRC.  Cur- 
rently being successfully operated at 
Holloman AFB, the system utilizes a 
solid-propellant rocket of 3.0 in. diam 
to propel a small ballistic dart carrying 
a timing device which ejects radar re- 
flective payloads at desired altitudes. 


Republic Awarded 
ICBM Defense Job 

Republic Aviation’s Missile Systems 
Div. has received contracts in excess 
of $300,000 for R&D of highly sophis- 
ticated ballistic missile defense sys- 
tems—centering around decoy discrim- 
ination and target destruction—from 
Air Force’s Special Weapons Center, 
ARPA, and WADC. 


$11 Million Thiokol Pact 


An $11.9 million continuation con- 
tract for production of rocket motors 
and plant maintenance at the Long- 
horn Ordnance Works, Marshall, Tex., 
has been awarded to Thiokol Chemical 
by the Army Ordnance Ammunition 
Command, Joliet, Ill. 


Nike-Zeus R&D 
ARGMA has issued a $8,671,100 


contract to Western Electric to supple- 
ment R&D efforts for the Nike-Zeus 
anti-missile missile system. 


Advanced Solid Propellant 

Army Ordnance has awarded a con- 
tract for about $500,000 to the En- 
ergy Div. of Olin Mathieson Chemical 
Corp. to explore uses of an advanced 
solid propellant for the Nike-Zeus. 


Pogo-Hi Contract 


Aeronca Mfg. Corp. has received a 
production contract for Pogo-Hi II 
E3C_ target missile systems for the 
White Sands Missile Range, with in- 
itial quantity to be delivered within 
60 days. 


36-In. Balloon Telescope 


In continuation of Project Strato- 
scope, Princeton Univ. has awarded 
Perkin-Elmer Corp. $940,000 in con- 
tracts for design and construction of a 
36-in. aperture telescope to be carried 
to high altitude by unmanned balloon 
for photography of the planets and 
celestial bodies. 


Drone Guidance System 


Minneapolis-Honeywell — Regulator 
Co. received a multi-million dollar 
contract from Fairchild Engine and 
Airplane Corp. for development of a 
new miniaturized inertial guidance 
system for navigating a new Army re- 
connaissance drone (AN/USD-5). 


Rocket Engine Cases 


Budd Co. has been awarded a con- 
tract by Thiokol Chemical for con- 
struction of solid-propellant rocket en- 
gine cases with a new alloy steel for 
the Minuteman ICBM. 


NASA CONTRACTS FOR APRIL 


Contractor Obligation 

Douglas Aircraft $24,000,000 
Univ. of Maryland $ 60,000 
Rice Institute $ 110,000 
Rice Institute $ 50,000 
Rensselaer Polytechnic Institute $ 80,000 
Univ. of California $ 120,000 
Itex Corp. $ 170,000 
New York Univ. $ 100,000 
AOMC $ 150,000 
MIT $ 50,000 
MIT $ 70,000 
Univ. of Minnesota $ 70,000 
Univ. of Michigan $ 80,000 
Univ. of Michigan $ 80,000 
Univ. of North Carolina $ 60,000 
Univ. of Chicago $ 300,000 
Butler Aviation $ 150,000 
General Mills $ 60,000 
Aeronutronics Systems $ 90,000 
RCA Service Co. $ 60,000 
American Potash & Chemical $ 50,000 
Chance-Vought Aircraft $ 950,000 
General Electric $ 50,000 
Cincinnati Testing & Research $ 80,000 

Laboratory 
AF Air Materiel Command $ 120,000 
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Program 

Thor-Delta, three-stage launching vehicle. 

Investigation of forces between atoms, molecules, and ions. 

Studies of performance and flow in test section of maximum Mach number wind tunnels. 
Research into physics of solid materials at high temperatures. 

Mathematical investigation of a variety of control systems. 

Study development of and chemical reactions occurring in a gaseous detonation wave. 
Develop sounding rocket instrumentation to sample upper atmosphere. 

Instrument two Aerobee-Hi rockets for neutron intensity nents. 


Radiation satellite payload. 

Develop atomic clock using cesium vapor for a satellite. 

Gamma ray detection instruments and a prototype for a satellite. 

Construction of radiation detection instruments for a satellite and a space probe. 

Satellite instrumentation for measuring intensity of radio noise levels above the ionosphere. 
Satellite instrumentation for measuring ultraviolet solar emission spectrum. 


Design and build a directional counter system to investigate primary cosmic radiation for 0 


satellite. 

Build cosmic ray measuring instrumentation for a space probe. 

Modification of Government airplanes used by NASA. 

Furnish nine 100-ft-diam plastic balloons for communication satellite tests. 

Studies for Project Mercury tracking network. 

Planning studies for ground tracking and instrumentation facilities for Project Mercury. 

For 161,000 Ib of ammonium perchlorate for solid-propellant research at NASA's Langley 
Research Center, Langley Field, Va. 

For four-stage Project Scout integration and a launcher. 

Furnish two telemetry and beacon antenna systems tor Project Mercury. 

Tests on Project Mercury capsule heat shield. 


Five pressure suits for use in Project Mercury tests. 
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Mercury Tape Recorders 


Consolidated Electrodynamics Data- 
lab Div. will design and develop air- 
borne magnetic-tape recorders for 
Project Mercury under a $135,480 
contract from McDonnell Aircraft. 


Mercury Radar Units 


Avion Div. of ACF Industries has 
been awarded a $434,805 contract by 
Collins Radio Co. for Project Mercury 
radar beacons for precision tracking. 


Data Acquisition System 


A data-acquisition system that will 
be used to monitor and record infor- 
mation in tests of solid-fuel rocket 
motors and process the data for analy- 
sis will be built by Minneapolis- 
Honeywell Regulator Co. under con- 
tract to the Navy’s Allegany Ballistics 
Lab. 


SYNOPSIS OF AWARDS 


The following synopsis of govern- 
ment contract awards lists formally ad- 
vertised and negotiated unclassified 
contracts in excess of $25,000 for 
each Air Force, Army, and Navy con- 
tracting office: 


ARMY 


New York OrDNANCE Dist., U.S. Army, 
770 Broapway, New York 3, N.Y. 

Basic research entitled Performance 
Comparison of Various Systems of Satel- 
lite Re-Entry, $70,000, Brooklyn Poly- 
technic, 333 Jay St., Brooklyn 1, N.Y. 

Basic research entitled Atom Beam 
Scattering Studies, $27,000, New York 
Univ., Washington Square, New York 3, 
N.Y. 

Supporting research on high-energy oxi- 
dizers for advanced solid propellants, 
$723,000, General Chemical Div. of 
Allied Chemical Corp., 40 Rector St., 
New York 6, N.Y. 

R&D program with respect to high- 
energy fuels for use in advanced solid 
propellants, $516,625, Olin Mathieson 
Chemical Corp., Energy Div., P.O. Box 
438, Niagara Falls, N.Y. 

R&D of Nike-Zeus (Nike II) guided 
missile system, $8,671,100, Western Elec- 
tric Co., 120 Broadway, New York 5, N.Y. 


AIR FORCE 


AF CamsBripGe REseEarcH CENTER, LAv- 
RENCE G. Hanscom Frev_p, Brprorp, 
Mass. 

Research and services directed toward 
measurement of background radiation by 
balloon-borne spectrometers, $94,762, 
Ball Bros. Research Corp., Box 191, 
Boulder, Colo. 

Rocket techniques for studying upper 
air electron densities and propagation con- 
ditions, $236,000, Univ. of Maryland, Col- 
lege Park, Md. 


Research directed toward the study of | 
objective analysis of meteorological data | 
by automatic data processing methods, | 


$29,770, Stanford Research Institute, | 
Menlo Park, Calif. 
Research in micro-flipflops, $197,960, 


| 


Philco Corp., 4700 Wissahickon Ave., 
Philadelphia, Pa. 

Study of low-density gas plasmas, 
$77,759, Sperry Rand Co., Sperry Gyro- 
scope Co. Div., Great Neck, Long Island, 
N.Y. 
AF OFFICE OF SCIENTIFIC 
Director OF PROCUREMENT, 
Ton 25, D.C. 

Research on properties of ions in flames, 
$39,010, Experiment Inc., Richmond 2, 
Va. 

Research on high pressure plasma pro- 
duction techniques, $43,820, Atlantic Re- 
search Corp., 901 N. Columbus St., Alex- 
andria, Va. 

Continuation of basic research in} 
microwave electronics, $100,000, Univ. of | 
Calif., Berkeley 4, Calif. 

Continuation of research on experi- | 
mental program for ion propulsion re- | 
search, $97,200, North American Avia- 
tion, Rocketdyne Div., 6633 Canoga Ave-_ 
nue, Canoga Park, Calif. 

Continuation of research on phenomena | 
surrounding high-speed flight, $232,689, | 
Univ. of Maryland, College Park, Md. 

Continuation of research on problems | 
of gas dynamics on cosmic scales, $40,009, | 
Univ. of Rochester, Rochester, N.Y. 

Research in physics and chemistry of 
at high temperatures, $57,910, Co- 
New York, N.Y. 

AMC Systems CENTER, | 
USAF, Waricut-Patterson AFB, Onto. 

Aerial target drones; launch rail 
adapters; and test equipment for the | 
GAR-8 missile, $470,000, Curtiss-Wright 
Corp., Santa Barbara Div., Santa Barbara, 

Calif. 

Induction heating process for titanium, | 
$216,527, Mallory-Sharon Metals Corp., | 
Niles, Ohio. 


SACRAMENTO AiR MATERIEL AREA, USAF, 
AFB, Cauir. 

Engineering prototype installation of an | 
upward ejection system for F-104 type air- | 
craft, $31,653, Lockheed Aircraft Corp., | 
P.O. Box 551, Burbank, Calif. 


RESEARCH, 
W ASHING- 


gases 
lumbia Univ., 


| 

| 

NAVY | 

Boston NAvAL SuHipyarp, Boston 29, 
Mass. 

Necessary services, labor, and materi 
to fabricate and test one complete war- | 
head handling system (prototype) for | 
Talos missile system, $292,431, Loewy- | 
Hydropress Div. of Baldwin-Lima-Hamil- | 
ton Corp., 111 Fifth Ave., New York, | 
N.Y. 
BUREAU OF 
25, D.C. 

Rocket pod firing devices, expendable 
contact fingers, $27,240, Seaboard Elec- 
tric Products Corp., New York 13, N.Y. 


OF ORDNANCE, 


AERONAUTICS, WASHINGTON | 


BUREAU WASHINGTON, 
EXC. 

Guided missile telemetering 
$87,093, Aircraft Armaments, 


antennas, 
Inc., 


Cockeysville, Md. 


The Russians’ 
Own Story of 
Artificial Satellites 


SOVIET 
SPACE 
SCIENCE 


“Singularly free of propaganda ... One of 
the best surveys of astronautics published 
in any country.” WILLY LEY 


Just published, this comprehensive new 
account of Russian theoretical and practical 
progress in the field of astronautics is writ- 
ten by a leading Soviet space scientist and 
now appears in English in the official U.S. 
Air Force translation. Here is the definitive 
history of the Soviet satellite program, with 
actual photographs, drawings, tables and 
technical data — much of it based on the 
author’s own original research. Among the 
contents are: Plans for a Revolutionary 

‘Fixed Star” Satellite, Construction of a 


| Space Platform, Scientific Objectives of Space 


Flight, Design and Construction of Space 
Ships, Survival of Man in Space, Flights to 
the Moon, Problems of 
Re-entry into the 
Earth’s Atmosphere, 
and many others. 


SOVIET 
SPACE SCIENCE 


by Ari Shternfeld 


BASIC BOOKS, Publishers 

Through your bookseller, or P-54 
BASIC BOOKS, Publisher aL, 

59 Fourth Ave., New York 3AN. Y. 
Please send me a cop VIET SPACE 
SCIENCE by, Ari Shte cide for free examina- 
tion. Within 7 days F.will send you $6.00, plus 


postage, or I will tur the book and owe 
nothing. 


ne 


SAVE POSTAGE! Check here if you are 
éhclosing payment now and we will pay 
‘postage. Same return privilege. 
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Vandenberg Missile Range 


Map outlines new missile test range recently activated at 
Vandenberg AFB. Heavy arrows trace main shooting 
range of some 5000 miles; dashed lines extending north- 
west and southeast indicate short range firings. 


Density and Temperature 


(CONTINUED FROM PAGE 25) 


Observatory that the apparently ran- 
dom fluctuations in density are actually 
proportional to the changes in the in- 
tensity of the 10-cm radiation from the 
sun, which constitutes an excellent 
measure of solar surface activity. 
Furthermore, the fluctuations show a 
tendency to repeat every 27 days, 
which is the period of rotation of the 
sun about its axis. Thus it apears 
that, in addition to the heating and ex- 
pansion of the atmosphere produced 
by steady solar exposure, there is fur- 
ther heating caused by streams com- 
ing from definite spots on the surface 
of the sun that appear and disappear 
every 27 days in the course of its rota- 
tion. 

The satellite results do not show the 
strong latitude dependence which ap- 
pears in the rocket data. Satellite 
measurements always give the density 
at the position of perigee, and a satel- 
lite therefore automatically samples a 
broad range of latitudes during the 
course of the rotation of its perigee in 
the plane of the orbit. With Van- 
guard I, for example, the latitude of 
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perigee changes from 33 deg North to 
33 deg South every 41 days.  Al- 
though Vanguard I has been transmit- 
ting signals for more than a year, the 
tracking data have shown no signifi- 
cant changes thus far which can be 
correlated with latitude variations. 
The contrast between this result and 
the major latitude dependence in rock- 
et data constitutes an outstanding 
puzzle in the interpretation of the IGY 
data. 

As so often happens in research, 
the attempt to resolve this difficulty 
leads us to some of the most interest- 
ing implications in the IGY density 
data. 

The particles in the Van Allen belt 
may provide the explanation for the 
difference between atmospheric prop- 
erties in the Temperate and Arctic 
Zones. The Van Allen particles are 
trapped by the earth’s magnetic field 
in orbits, in which they spiral along 
the lines of magnetic force. As the 
figure on page 24 indicates, the par- 
ticles in the outer belt are funneled 
into the Arctic and Antarctic zones by 
the concentration of the magnetic field 
near the North and South Poles. The 
outer belt dips down into the atmos- 
phere in these regions and disturbs 


the normal conditions which exist at 
other latitudes. 

The interaction between the trapped 
particles and the atmosphere has two 
major consequences. First, we are 
rather certain that the aurora borealis 
and the aurora australis result from 
the excitation of the arctic and antarc- 
tic atmospheres by collisions between 
the air atoms and the particles trapped 
in the outer zone. Second, the tem- 
perature of the auroral zone will be 
raised by the energy transferred in 
collisions between the trapped _par- 
ticles in the outer belt and the atoms 
and molecules of the upper atmos- 
phere. 


Heating Theories 


Theories on heating of the upper 
atmosphere by channeling of charged 
particles in the earth’s magnetic field 
predate the discovery of the Van Al- 
len belt. However, the Van Allen 
data, supplemented by Sputnik III re- 
sults and by rocket measurements per- 
formed by NRL and SUI, provide an 
opportunity for the theorist to make a 
quantitative test of this interesting sug- 
gestion. 

To make the necessary calculations, 
we construct an idealized model in 
which the heating effect of the Van 
Allen layer is confined to a definite 
region in the auroral zone, whose 
boundaries are kept at a “temperate” 
level of 1000 K. The rate of heat 
transfer to the air within this zone is 
calculated from the combined rocket 
and satellite observations on Van Al- 
len particles. 

The figures on page 24 describe the 
Van Allen belt, the region (boxed 
area) for constructing the idealized 
model, and a schematization of the 
model auroral zone in the boxed area. 

The equation of heat conduction 
may be solved analytically with the 
indicated boundary conditions. — I. 
Harris and the author have shown in 
this way that the temperature must 
rise to approximately 2500 K at the 
center of the auroral zone. The close 
agreement of our calculations with ob- 
servation is fortuitous in view of the 
approximations made in boundary 
values. However, it is significant that 
the temperature increase has the cor- 
rect order of magnitude. (Additional 
calculations have been undertaken 
with a more realistic model.) 

This analysis leads us to a picture 
of the upper atmosphere in which den- 
sities in the auroral zone are controlled 
by the Van Allen layer, while densities 
outside the auroral zone are relatively 
independent of latitude. If this pic- 
ture is correct, we must consider two 
distinct models of the atmosphere. 

The first model, which may be 
called the Temperate-Equatorial At- 
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mosphere, is represented by Curve T-E 
of the graph on page 25. It is ob- 
tained by drawing a smooth curve 
through the White Sands’ rocket data 
and the data obtained from Explorer I 
and Vanguard I. All density data used 
in the construction of this model were 
obtained at latitudes no greater than 
33 deg. 

The second model is the auroral at- 
mosphere shown as Curve A of the 
graph on page 25. The auroral at- 
mosphere consists of the rocket ob- 
servations at Fort Churchill extrapo- 
lated above 200 km with the assump- 
tion of a constant temperature. The 
assumption of constant temperature is 
based on the LaGow measurements, 
which indicate little temperature var- 
iation between 170 and 210 km. 

It is interesting to note that on the 
basis of the T-E model the oxygen at- 
mosphere will give way to a hydrogen 
atmosphere at an altitude of approx- 
imately 1200 km. 


Suggested Additional Reading 
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Physical Properties of the Atmosphere 
from 90 to 300 Kilometers, H. K. Kall- 
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Journal of Geophysical Research, 61, 
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The ARDC Model Atmosphere, R. A. 
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Surveys in Geophysics, 86, 201 
(1956). 

Atmospheric Structure Above Fort 
Churchill, J. W. Townsend Jr., IGY 
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Arctic Atmospheric Structure to 250 
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Report Series, I, 38 (1958). 
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BEAVER BALL SCREWS 
ARE CONSTANTLY AT 
WORK FOR BETTER 
CONTROL OF VITAL 
OPERATING PARTS 


Where precision actuating control, free of 
backlash and springiness is imperative, 
where optimum in positioning accuracy is 
demanded, where high efficiency is im- 
portant in reducing weight requirements in 
the drive system—you'll find Beaver Ball 
Screws on the job. 


Whatever your product, if any or all of 
these requirements exist, we suggest you 
get the full story on Beaver. Here may well 
lie the solution to a long standing problem 
in your design. 


convert rotary to linear motion (and vice versa) 


Our engineers with their extensive experi- 
ence are available for consultation. Consult 
Sweet’s Industrial File or write for our 
catalog. 


Yeaver Drecision Droducts 


i INC. 
a CLAWSON, MICH. 


BUILDERS OF PRECISION BALL SCREWS FOR 
operating control and ground handling of many major com- 
mercial and military aircraft as well as for control, ground 


handling and flight plotting of many rockets and missiles. 
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International scene 


The astronaut abroad in Europe 
certainly will not be surprised upon 
finding very extensive research and 
development work being accomplished 
in the United Kingdom, Italy, France, 
Spain, and the Scandinavian countries, 
and indeed in Eastern European coun- 
tries such as Poland, Czechoslovakia, 
and Yugoslavia. Russia, of course, is 
a world unto itself. During my cur- 
rent visits to all these countries, I 
was surprised how much greater the 
astronautical effort is than we, in 
America, realize. My greatest  sur- 
prises occurred during my visit with 
the South African Interplanetary So- 
ciety in Johannesburg and in sorties 
to other South African cities. 

After all, I should not have been 
surprised, for South Africa is the home 
of Prof. A. E. H. Bleksley, president 
of the South African Interplanetary 
Society and world-renowned professor 
of applied mathematics at the Univ. 


of Witwatersrand; F. J. Hewitt, direc- 
tor of the National Institute for Tele- 
communications Research; and A. 
Blainey, C. B. Jeppe, K. Howell, R. 
Heuberger, H. Th. van den Ham 
(technical director of the SAIS), J. A. 
McMorran, A. W. Andersen, and many 
other scientists and engineers of out- 
standing ability. These men have 
been a source of inspiration and sup- 
port for the great young generation of 
rocket experimenters and engineers. 
One example is typical of the work 
being done in South Africa. For the 
past four years, the Port Elizabeth 
branch of the SAIS has been conduct- 
ing tests on rocket motors at its branch 
headquarters in that city, on the east 
coast of the Union of South Africa. 
The leader of this team of young ex- 
perimenters was Alan Bowman, who 
left earlier this year to take up an ap- 
pointment at the Royal Aircraft Es- 
tablishment, Farnborough. England. 


ab. 


Above, the American Mariner, new tracking ship for the Atlantic Missile Range, 
arrives at Cape Canaveral. Below, one of the large radar antennas on the 


Mariner. 


Canaveral 
Missile Tracking Ship 


Sponsored by ARPA for the Army 
Ordnance Missile Command, and con- 
tributed to by the Air Force and 
Navy, the American Mariner, a missile 
and space-vehicle tracking ship with 
the most advanced radar, electronic, 
and optical equipment, recently joined 
the tracking network of the Atlantic 
Missile Range. The services will 
share information it collects. 
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He was assisted by John Deschamps, 
also of Port Elizabeth. 

In all, the group successfully 
launched about 10 solid-fuel rockets 
and tested liquid-fuel rockets. These 
tests were made with the assistance of 
the Union Defense Force and in the 
presence of observers from Rhodes 
Univ., Grahamstown. 

In October 1958, the group fired 
the first two-stage rocket, which was 
equipped with a parachute opened by 
blowing the nose off the second stage 
of the rocket. This rocket was de- 
signed to carry instruments 17,500 ft 
up into the atmosphere, and was the 
forerunner of another rocket which the 
group is building with the hope of 
reaching an altitude of 100,000 ft. 

Specifications of the October rocket 
were: 


Over-all Length: 17.5 ft. Booster, 
5.22 ft. Main stage, 12.17 ft. 
Diameter: Booster, 4 in. Main 
stage, 2 in. 

Base section, 3 in. 

Diameter over fins, 2 ft. 

Weight: Launching (total) 150 |b. 

Payload: Up to 4 Ib. 

Thrust: Booster, 2000 Ib for one 
sec. 

Thrust: Main stage, 512 Ib for 1.5 
sec. 

Velocity at booster burnout: 460 
fps. 

Velocity at main stage burnout: 
460 fps. 


Propellant: Zinc dust and sulphur. 

Due to an accident on takeoff, the 
rocket reached a height of only 4000 
ft, the first stage separating from the 
second stage successfully. However, 
an explosion occurred at this height 
and the second stage disintegrated. 

The group is also experimenting 
with ramjet motors and hopes soon 
to develop a low-cost high-altitude 
rocket for research purposes. _ Pre- 
vious launchings have carried rockets 
to heights of 8000 ft and higher. 

In Cape Town, the SAIS branch is 
now gathering funds to purchase a 
small radio telescope which it intends 
using for research purposes. 

My visit was a prelude to a rocket 
symposium of general interest, in- 
cluding a consideration of space law 
and space medicine, running from 
May 26 through June 12, in a number 
of cities. 

The entire symposium was or- 
ganized by Roy W. Terry, the fore- 
most science writer in South Africa, 
and an indefatigable worker and or- 
ganizer. 


Ye 


ADD A “NEW 
DIMENSION” 
TO YOUR 
CAREER! 


Your career advances by degrees . . . profes- 
sional degrees. At Westinghouse-Baltimore, you 
can enjoy stimulating project activities .. . 
plus the opportunity to advance your career in 
the Westinghouse Graduate Study Program. In 
affiliation with The Johns Hopkins University, 
the University of Maryland, and other leading 
universities, qualified engineers are assisted in 
their work toward graduate degrees. This pro- 
gram is described in “New Dimensions” . . . the 
story of Westinghouse-Baltimore. 


Current Career 
Openings Include: 


Ferret Reconnaissance 
Electronics Instructors 
Communications Circuitry 
Field Engineering 
Technical Writing 
Electronic Packaging 
Human Engineering 


Solid-State Physics 


Microwave Systems 
and Components 


Radar Systems 
Network Synthesis 


Analogue and Digital 
Computer Design 


Write for ‘New Dimen- 
sions’... the informative 
brochure that takes you 
behind the scenes at West- 
inghouse-Baltimore today. 


For a confidential 
interview, send a 
resume of your education 
and experience to: Mr. A. M. 
Johnston, Dept. 927, West- 
inghouse Electric Corpora- 
tion, P. 0. Box 746, Balti- 
more 3, Maryland. 


i BALTIMORE 
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On Portola’s Ground 


(CONTINUED FROM PAGE 47 ) 


first session of the meeting, “Astron- 
omy from a Space Platform,” under- 
scored the growing interdependence of 
research and engineering sciences. As- 
tronomical research from a space plat- 
form should virtually revolutionize our 
perception of the solar system. En- 
gineering science should produce an 
appropriate platform within five years. 
In one paper from this session, “Ra- 
dio Astronomy Observations from 
Space,” Fred T. Haddock of the Univ. 
of Michigan discussed four important 
studies that can be made from a space 
platform with simple antennas and 
conventional radio receivers: (1) Dy- 
namic spectra of solar radio bursts, 
(2) dynamic spectra of radio bursts 
from Jupiter, (3) the spectrum of 
cosmic background radiation, and (4) 
distribution of electron densities out- 
ward from the F-layer. In the same 
session, Robert Davis of the Smith- 
sonian Astrophysical Laboratory, out- 
lined requirements for optical space 
telescopes, while James Kupperian of 
NASA described the national space 
agency's plans for an orbiting astro- 
nomical platform. 

The next session, “Man to Space,” 
turned attention to a major associated 


problem—the spacecrew conditioning 
(“holding”) station in the launching 
area, or as the paper by Siegfried 
Gerathewohl put it, the problems of 
selection, holding, and care of space 
fliers. As Lt. Bruce Pinc of BMD 
pointed out in his paper, “The Role of 
the Physiologist in the Space Crew 
Holding Facility,” this ground station 
will have to be tailored to the condi- 
tioning of the space pilot, and conse- 
quently will differ considerably from 
present aircrew support facilities. The 
roles of the doctor and psychologist 
will, he expects, be major ones in this 
facility, and will require “living in” by 
many members of the staff. 

In a following session on “Man in 
Near Space,” Edwin Vail of WADC, 
discussing pressure suit requirements 
for space vehicles, emphasized an 
important aspect of space programs— 
the great deal of engineering that must 
be done to produce just one key item 
of space equipment. As a case in 
point, the past several years have seen 
enough technical advances and engi- 
neering study to resolve major prob- 
lems of pressurized spacesuit mobility 
and ventilation, but according to Dr. 
Vail the requirements for suit design 
still cannot be determined without 
more data on radiation protection. 

“Logistics and Operations” followed 
“Man to Space,” and amplified the dis- 


cussion of space mission support, with 
emphasis on the larger operation of 
low-density and future rocket systems, 

In general, the whole attendance 
enjoyed this continuity of topic and 
interplay of particular problems. 

Sessions on ground support, sound- 
ing rockets, IGY findings important to 
the astronaut, and space probes (Se- 
cret) followed. Herbert Friedman’s 
discussion of the influence of the sun’s 
radiations on the upper atmosphere, 
appearing in this issue on page 20, 
and Warren Berning’s introduction to 
the ionosphere, appearing on page 26, 
reflect the timeliness and superior qual- 
ity of the general papers in the tech- 
nical sessions. 

The session on sounding rockets 
served to review the progress being 
made in producing cheap and efficient 
high-altitude rockets for weather and 
upper-atmosphere studies. It appears 
from the progress report by Lt. Cmdr. 
W. S. Houston of ONR that Arcas, for 
instance, will soon achieve its goal of 
becoming a_ practical all-purpose 
rocketsonde. 

Roth, Prout, and Mosich of Aerojet- 
General, on this subject, gave design 
criteria for very high altitude (up to 
2000 miles) sounding rockets with 
adequate stability margins. They an- 
ticipate that there will be a large need 
for sounding rocket systems for at least 
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a decade, and they expect that liquid- 
propellant motors will make the major 
contribution in meeting this need. 

An outstanding session on burning 
processes in high-output combustors, 
chaired by Martin Summerfield, ought 
to warm the hearts of the old timers, 
who perhaps feel out in space at times 
among the nuclear and exotic propul- 
sion enthusiasts, space communications 
and guidance buffs, human factors 
team, etc. The table on page 47 gives 
an example of some recent work in 
combustion. From the paper, “Chem- 
ical Space Heating Rates,” by David 
Bittker and Richard Brokaw of NASA’s 
Lewis Research Center, the table 
shows that several very high-energy 
liquid-propellant experimental motors 
give several orders of magnitude lower 
heat release rates than the theoretical 
maximum, and thus that future motors 
can perhaps be extended in perform- 
ance when the limitations of engineer- 
ing practicality become less severe. 
The theoretical and analytical papers 
in this session were followed appro- 
priately by a classified session on R&D 
in low-pressure combustion, liquid- 
fluorine performance, and high-energy 
storable systems. 


Microminiaturization Session 


It was interesting to see that micro- 
miniaturization drew a whole session. 
Microminiaturization appears the 
means for a literally fantastic manipu- 
lative technology. Donal Duncan of 
Autonetics, in his paper “Microminia- 
turization for Space Applications,” de- 
scribed some advances that can be ex- 
pected. Reminiscent of Harry Kihn’s 
comments in the May 1959 Astronavu- 
tics, Duncan said, “Even more im- 
portant than any of the above ap- 
proaches is the development of ‘solid 
state circuits’. . Rather than call- 
ing on a circuit specialist to design 
(computing devices) with various 
electronic components now required— 
the decision, memory, and other cir- 
cuits—a ‘solid state engineer’ will de- 
sign in a single block of material all 
of these elements. This material might 
consist of a single thin crystal of semi- 
conductor, with dimensions of the 
order of inches, modified by deposit- 
ing various elements to change the 
lattice structure of the semiconductor 
surface. . It is possible that the 
depositing of thin films can be made 
by an automatic process and that the 
time to modify the crystal to a com- 
plete computer can become a matter 
of minutes.” The hand of practicality 


appeared close on Duncan’s exuber- 
ance, as Richard G. Schimpf of Elgin, 
in the paper “Data Gathering Mecha- 
nisms for Reliability Determination,” 
pointed out that specific reliability re- 
quirements for electronics equipment 


are expected to be written into coming 
USAF specs, in particular MIL-R- 
25717C, which he says will call for 
mean-time-to-failure of 150 hr and op- 
erational life of 2000 hr. 

The session of nuclear propulsion 
suggested an increasing discrimination 
among design engineers as to the most 
profitable avenues for exploiting nu- 
clear energy in advanced propulsion 
systems. The very nice paper, “Ad- 
vanced Propulsion Concepts,” by Ed- 
ward Fisher of Lockheed Missiles and 
Space Div. was an example. His 
analysis of proposed methods for tap- 
ping a reactor—principally the light, 
high-speed turbine generator and vac- 
uum and plasma diodes—suggested 
that (except for some uncertainties, 
such as the working life of bearings) 
the light turbine will prove superior to 
diodes as an interplanetary space ve- 
hicle’s electrical powerplant. Among 
other things, Dr. Fisher also made 
clear that some of the design problems 
of ion-propulsion systems, such as 
particle neutralization, did not at first 
receive sufficient attention. For in- 
stance, he pointed out that an elec- 
tron gun kept separate from the ion 
gun must be roughly 1000 times longer 
than the ion gun, and this should prove 
unwieldy at the least. 

Space vehicle power supplies and 
their application in propulsion systems 
received extensive attention in the 
following sessions on auxiliary power 
sources and electrical propulsion. In 
his paper “Interplanetary Space Probe 
Auxiliary Power Systems,” Robert 
Hamilton of JPL classified and ana- 
lyzed current power schemes in terms 
of the NASA requirements given in 
the table on page 47. There seems 
to be some debate over power systems, 
as Hamilton concludes that, “The 
solar- or reactor-powered thermionic 
plasma diode is very possibly the space 
auxiliary power system of the future.” 

The overtone of the 1959 Semi- 
Annual Meeting was great expecta- 
tions of spaceflight. As felt in the 
informal session, the “Latest Events 
in Spaceflight,” the tension is growing 
to prove the value of so much human 
energy being poured into space pro- 
grams. Space technology does not 
exist by itself, but has taken on a 
transcendenta! quality of “meaning” 
and “purpose,” has become loaded 
with the burden of proof that five 
centuries of scientific materialism will 
lead to more than merely machines. 
Astronautics may prove restricted and 
imponderable in any last analysis, like 
the checking of computer solutions 
for interplanetary trajectories, as de- 
scribed in the neat paper by Victor 
Szebehely of GE, but in the quest for 
knowledge it should not leave any- 
one sitting on a stone, squinting at the 
sun.—J. N. 


Volatile chemicals and propellants can cause 
serious accidents—but serious injuries need 
not result if water irrigation is immediately 
available! Haws Decontamination Booth pro- 
vides the “cloudburst” that rapidly rids the 
body of harmful irritants. Victims walk on 
the foot treadle and are instantly bathed in 
water from a dozen nozzles. Haws Eye-Face 
Wash is simultaneously activated —a pres- 
sure controlled unit with a perforated face- 
spray ring and twin eye-wash heads. Booth 
is acid resisting fiberglass plastic, and is 
delivered complete, ready for tie-in to exist- 
ing facilities. Write for details on the full 
line of models. 


HAWS 


DECONTAMINATION 
BOOTH 


HAWS DRINKING FAUCET CO. 
1443 FOURTH STREET ° BERKELEY 10, CALIF. 


EXPORT DEPARTMENT: 19 * columbus Avenue 
San Francisco 11, California, U.S.A. 


July 1959 / Astronautics 113 


A“cloudburst’’ 
n’s 
to 
6, 
al- 
‘h- 
ts 
1g 
nt 
id 
rs 
Ir. 
or 
of 
n 
0 
h 
l- 
d 
st 
| 
| 
MODEL 
8600 


Pioneer Radiation Instrument 


(CONTINUED FROM PAGE 33) 


by Dr. Van Allen, the Juno IIA radia- 
tion package was to use two identical 
Geiger tubes (Anton Type 302) to 
monitor the gross and the high-energy 
penetrating portion of the space radia- 
tion. This system was similar to one 
of the radiation packages being  as- 
sembled at SUI for Explorer IV. The 
Geiger tube chosen for the imminent 
satellite and lunar experiments was 
tiny in comparison to the units used in 
Explorers before the radiation belt was 
established. It was hoped that re- 
duced counting-surface area on the 
Explorer IV detectors would permit 
the tubes to operate linearily through 
the radiation peak if, indeed, the peak 
were encountered. High energy, or 
“hard,” particles would be counted by 
a lead-shielded Geiger tube. 

Changes in the Juno HA radiation 
package circuitry, which was being de- 
signed at JPL, would be contingent 
only upon certain results of the yet un- 
tried Explorer IV radiation experiment. 
These results might have adversely af- 
fected the dynamic range of radiation 
expected on the lunar shot. 


Explorer IV Contributed 


Explorer IV results were observed a 
few weeks before scheduled delivery 
of the first Juno IIA radiation subas- 
sembly to the JPL payload group. 
The radiation channel containing the 
unshielded “302” aboard Explorer IV 
had saturated, with the peak nowhere 
in sight, and the lead in the “hard” 
channel reduced particle counts by 
only a modest 40 per cent. In view 
of these results, Dr. Van Allen sug- 
gested a modification of the existing 
Juno ITA package which would replace 
the “hard” detector and its associated 
scaler with a detector capable of 
measuring high-intensity radiation. 
The dynamic range requirements for 
this new detector was a subject of 
some concern since the peak space 
radiation was still a matter of conjec- 
ture. 

The experiment flown aboard Pio- 
neer III contained, originally 
planned, an unshielded 302 with its 
attendant counters and an Anton Type 
213 pulse-integrating Geiger tube fol- 
lowed by a stable DC amplifier. The 
integrating Geiger-tube was chosen in 
preference to the scientifically attrac- 
tive ionization chamber because of its 
earlier availability. 

As indicated in the block diagram 
on page 33, the radiation experiment 
was divided into two measurements. 
In one measurement, pulses obtained 
from the Type 302 Geiger tube proc- 
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cssed through a trigger amplifier and 
then counted in a scaler, from which 
multiple digital outputs mixed and 
fed to a subcarrier oscillator. Current 
pulses from the Type 213 Geiger tube 
integrated in an R-C filter and the 
average voltage thus formed fed to a 
second subcarrier oscillator through a 
high-input impedance, unity voltage 
gain power amplifier. The resultant 
voltage change at the output of the 
amplifier or frequency shift of the sub- 
carrier oscillator is an analogue repre- 
sentation of the radiation intensity. 
The subassembly shown on page 33 
contains aj] the circuitry described 
above. 

The amplifier used with the 213 
Geiger tube converts average tube 
currents in the order of 20 to 40 micro- 
amps into output currents having mag- 
nitudes large enough to supply signal- 


New Microwave 
Transmission Tower 


Rising 260 ft, this microwave trans- 
mission tower, designed and built by 
Alprodco Inc. with 3-in., 12-gauge 
tubing of its patented zincgrip steel, 
withstood static loads equivalent to 
forces of 85-mph winds without twist- 
ing more than a half degree and top 
of tower deflecting more than 6 in. 
The tower suggests the kind of struc- 
tures that can easily be built in space. 


current requirements for the associated 
subcarrier oscillator (300 microamps 
input current for full-band deflection). 
The transfer characteristic of the am- 
plifier is 0.1 volt/microamps and its 
representative drift coefficient is 1] 
mv/°C at 40 C. 

The high-voltage power supply for 
the Geiger tubes contains a transistor 
saturable-core oscillator which runs di- 
rectly off the payload batteries and 
supplies square-wave power to a rec- 
tifier and voltage-doubler circuit. DC 
regulation is accomplished with a 700 
volt Corona regulator. The regulated 
outputs of the supply are 730. volts 
and 650 volts for the 302 and 213 
tubes, respectively. The high-voltage 
circuitry, located inside the “crown” 
of the subassembly, directly beneath 
the Geiger tubes, was foam-potted to 
protect it against high-altitude Corona 
discharge. 

The circuitry connected to the shell 
of the 302 tube consists of an ioniza- 
tion-current-limiting resistor and an 
R-C network coupled to the trigger 
amplifier. The trigger amplifier 
standardizes pulse amplitude and 
coarsely regulates pulse width. 

The basic flip-flop. diagramed on 
page 33, is a saturating transistor de- 
vice capable of operation up to 100 
KCPS with standard amplitude trig- 
gers. The flip-flop performs with 
“semistarved” collector currents (well 
below the normal operating level) at a 
power dissipation of 1.4 mw per stage. 
The entire chain of 17 flip-flops plus 
the two auxiliary stages have been 
demonstrated to operate reliably over 
wide supply voltage and ambient tem- 
perature ranges. 


Output Readability 


To improve the readability of the 
scaler output caused by a pulse input 
having a widely varying counting rate, 
three outputs were selected at four- 
stage intervals. These signals mix in 
the ratio of 1:2:4 for the first, second, 
and last tap, respectively. The result 
is the consolidation of information that 
might ordinarily require three subcar- 
riers into one subcarrier. Reading 
speeds of slow counting rates are 
thereby improved by as much as 256:1 
over that obtained from a single tap 
at the end of an identical number of 
counter stages. 

This coding process also minimizes 
the number of variable speed _play- 
backs of the telemetry magnetic tapes 
needed for clear, readable information. 
The uncompensated mixed waveform 
produces a large voltage step once 
every 217 pulses, or once every major 
scaler cycle. To preclude the occur- 
rence of correspondingly large step 
changes in frequency at the output of 
the subcarrier oscillator, an auxiliary 
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fip-lop (Stage 18 of the experiment 
diagram on page 33) provides step re- 
duction at the critical point. Similar 
compensation is performed on the sub- 
evele by Stage 19. The step-reduction 
mechanism permits minimization of 
the output shaping-filter time constant 
for given values of subcarrier band 
swing. The composite photo on page 
32 shows actual radiation telemetry 
data received on the re-entry leg of the 
Pioneer III trajectory. 

The scaler chain was made long 
enough to prevent the fastest expected 
output signal appearing at the last 
stage from being severely attenuated 
by the shaping filter in the mixing cir- 
cuit. By shaping the output square- 
waves into exponentially rising and 
falling edges, steady-state signal phase 
error occurring in the receiver subcar- 
rier phaselocked loop can be fixed at 
a tolerable maximum. In broad terms, 
the scaler length is indirectly deter- 
mined by such interrelated items as 
sideband power, receiver loop-band- 
width, and_ signal-to-noise ratios at 
threshold distances. 

The maximum rate at which the 302 
tube will count, as determined by tube 
dead time or recovery time, is about 
16,000 to 18,000 counts per second. 
When particle counting rates are far 
in excess of the maximum counting 
ability of the tube, an increasing per- 
centage of the particles will either not 
be counted or will produce ionizations 
occurring at intervals slightly larger 
than the dead time. Peak-to-peak am- 
plitude of the closely spaced pulses 
will be sharply attenuated, resulting 
in a smaller percentage of the pulses 
being large enough to trigger the in- 
put stage of the scaler. The reduced 
pulse amplitude has the effect of pro- 
ducing a double-valued calibration 
curve. This characteristic in some re- 
spects is superior to one that remains 
saturated, providing little or no change 
in scaler counting rate occurs with 
large changes in radiation intensity. 
In the region where the apparent 
counting rate reaches a peak and then 
drops off, the analog channel produces 
an output that still varies monotoni- 
cally with radiation intensity. There- 
fore, the pulse integrator circuit used 
as a high intensity monitor can also 
resolve ambiguities in the 302 channel 
caused by the double-valued nature of 
its response. Maximum average count 
rates obtainable in Pioneers III and IV 
were about 12 KCPS. 

Space radiation data obtained from 
Pioneers III and IV were monitored 
by JPL from Cape Canaveral, the 
down-range tracking station in Maya- 
guez, Puerto Rico, and the deep-space 
tracking station at Goldstone Lake 
near Barstow, Calif. The conse- 
quences of this experiment are now 
history. 
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SPACE ORIENTED ELECTRICAL 
ENGINEERS AND PHYSICISTS 


Vast new space and missile projects have created outstanding 
opportunities in research, development and design at Douglas. 
Here are some of the areas in which we have immediate 
openings for engineers and physicists with advanced degrees 
(B.S. also considered): 

SPACE NAVIGATION — Utilize Bode and Nyquist techniques, root 
loci, Z plane, quasi linear, non-linear and other techniques in the 
analysis and development of guidance and control systems. 
SPACE COMMUNICATIONS — Telemetry system research and 
development, research in wave propagation in ionized gas, 
high frequency breakdown and many other areas. 

SPACE POWER — Unconventional power research and development 
to supply power in space stations and on other planets. 

LOGICAL DESIGN — Solid state digital circuits as applied to 
automatic test and firing equipment, utilization of complex 
switching and logic circuitry, and utilization of computers in 
detailed circuit design. 

ANTENNA DEVELOPMENT — Complete research, advance design and 
development of antenna and radome systems for use on 

space vehicles. 

For full information write to Mr. C.C. LaVene, 

Staff Asst. Vice-president, Engineering, Box U-620, 

Douglas Aircraft Company, Inc., Santa Monica, Calif. 


/ 
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QUGLAS 


The most respected name in aircraft, 
missile and space technology. 


SOLID 
PROPELLANTS 


Our expanding Solids Department Offers 
Excellent Supervisory Opportunities to: 


CHEMICAL ENGINEERS 


Solid Propellant Development. At least 
BS. in Ch.E., minimum 2 years’ experience 
solid propellants, preferably R & OD, 
involving formulation studies, composi- 
tional variations, or propellant process 
development. Will develop, organize, 
and carry out propellant research proj- 
ects; design experimental units, equip- 
ment, and apparatus; evaluate results 
conduct field studies necessary to develop 
new techniques, new equipment, or new 


Experienced in design, 


transfer. Will 


rockets and 


For convenient interview, send resume, in confidence, 


(including salary requirements) .. . or phone collect to: 


Mr. R. H. Endriss 


OLIN MATHIESON 
CHEMICAL CORP. 


Phone MUrray Hill 8-0500 
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Wyman-Gordon Forges Beryllium 


The conic section shown being taken from Wyman- 


Gordon’s 18,000-ton press is the first large beryllium part 


die-forged in this country. 


The forging process, cheap 


and fast, greatly reduces brittleness of the metal, which 
otherwise has excellent structural properties, especially 
exceptionally high strength to weight ratio. As the price 
of beryllium, as yet very expensive, comes down, this 
exotic metal can be expected to find important uses in 
missiles and space vehicles, for example, in combination 
structural members and heat sinks. 


Approach to lonosphere 


( CONTINUED FROM PAGE 27 ) 


This was an experimental site within 
the zone of maximum auroral activity, 
where solar and magnetic influences 
are significant indeed. Many of the 
rockets launched there carried equip- 
ment for measuring electron densities 
in the ionosphere, total electron con- 
tent, and, in two instances, ion densi- 


> 


ties and electron temperatures. 


Soviet Experiments 


In the U.S.S.R., a number of geo- 
physical rockets were launched dur- 
ing the IGY, and some of these car- 
ried instruments to measure iono- 
spheric properties, with emphasis 
placed on measurements above the 
altitude of F-Layer maximum electron 
densities. Sputnik III made measure- 
ments of ion density and electron tem- 
perature to altitudes of 800 km and 
perhaps above. 

The graph on page 27 represents a 
nominal picture of the afternoon, 
quiet ionosphere in  mid-latitudes. 
With the exception of Soviet data, 
rocket-probe measurements taken prior 
to the IGY were used to chart this 
graph. Of course, fine structure in 
the ionosphere, which varies markedly 
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from day to day, is missing from the 
representation. Unfortunately, it is 
not possible as yet to present similar 
material for the Arctic ionosphere, but 
complete analysis of the IGY results 
at Fort Churchill will give at least a 
partial picture to an altitude of per- 
haps 300 km. 

With the exception of Soviet experi- 
ments, quantitative information on the 
ionosphere from satellite carriers has 
been disappointingly small. This is 
not surprising in view of preparations 
made by the Russians before the 
launching of Sputnik I in October 
1957. The techniques employed by 
the Soviets included an ion trap aboard 
Sputnik III] and extensive measure- 
ments of the times of “radio-dawn” 
and “radio-set” of the transmitting 
beacons carried aboard all their satel- 
lites. The first method yields a direct 
measurement of ion density and elec- 
tron “temperature” at the satellite, 
while the second method furnishes a 
profile of the ionosphere below the 
satellite. The published Russian re- 
sults, however, are in fair agreement 
with the graph on page 27. 

The table on page 27 summarizes 
the principal techniques for  iono- 
spheric studies with rockets and satel- 
lites. The Langmuir Probe is one of 
the most promising techniques. Two 
preliminary models of the probe, de- 
signed and built at the Univ. of Mich- 


igan, as shown on page 26, were car- 
ried aloft by rockets at Fort Churchill 
in the closing months of the IGY. 

Other geophysical experiments car- 
ried by rockets and satellites contrib. 
uted to our knowledge of the iono- 
sphere through less direct measure. 
ments. One of the more important of 
these is the study of small variations 
in the earth’s magnetic field attribut- 
able to electric currents flowing in the 
ionosphere. Extremely sensitive mag- 
netometers are used for this purpose, 
and a number of appropriately instru- 
mented rockets were launched at vari- 
ous points on the earth in the IGY. 

But, to go back a bit, after the 
exploratory efforts of Appleton and 
Barnett in 1925, it was natural that 
considerable work would be done to 
find a suitable mechanism for produc- 
tion of the observed ionospheric struc- 
ture. In 1931, S. Chapman postulated 
such a mechanism (photo-ionization) 
and predicted the distribution of elec- 
trons and ions in altitude and solar 
position based on an atmosphere of 
uniform composition and mono-ener- 
getic solar radiation. Despite the gen- 
eral invalidity of the assumptions, the 
predicted distributions were quite 
good, particularly in the lower regions 
of the F-Layer. 

The Chapman theory showed a 
parabolic distribution (number den- 
sity vs. altitude) of charged particles 
and provided an excellent means for 
determining the rates of ion-electron 
recombination in the high atmosphere 
from observations with the pulse-delay 
vertical sounders. The photon radia- 
tion from the sun required by theory 
for the photo-ionization of the atmos- 
pheric gases lies in both the near- and 
far-ultraviolet regions of the solar 
spectrum and, unfortunately, is not ob- 
servable at the ground. Consequently, 
the character of solar radiation in the 
spectral regions of interest had to be 
inferred from measurements in the 
visible spectrum, plus the assumption 
that the sun radiated like a black body 
at all wavelengths. The ultraviolet 
radiation thus inferred could not satis- 
factorily explain the observed structure 
of the D- and E-Layers, and further 
theoretical developments had to await 
the rocket research program initiated 
in 1946. 


First Data 


One of the earliest investigations 
undertaken by the Naval Research 
Laboratory in its rocket program was 
a systematic study and extension of 
the solar spectrum in the ultraviolet 
above the absorbing atmosphere. This 
investigation, which continues today, 
has had far-reaching consequences, 
not only in greatly expanding our 
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knowledge of solar processes but in 
explaining the formation of the lower 
ionosphere and adding to our infor- 
mation on atmospheric composition. 
The first results from the spectral 
studies showed that the black body 
temperature was lower in the near- 
ultraviolet than at visible wavelengths, 
and that indeed some source other 
than radiation from the sun’s photo- 
sphere was necessary to explain the 
lower ionosphere. 

As the studies continued, it became 
evident that quite strong solar emis- 
sions exist in the X-ray region and, 
further, that spectral line emission 
from atomic hydrogen in the solar 
atmosphere is very prominent. Both 
atomic and molecular oxygen have a 
transparent “window” at a wavelength 
corresponding to the wavelength of 
Lyman-Alpha hydrogen emission, and 
it was found that this emission was 
absorbed in the D-Layer of the iono- 
sphere. 

Persistence and good detective work 
led to the now generally accepted 
conclusion that nitric oxide was the 
responsible absorbing agent and that, 
indeed, the normal D-Layer could be 
quantitatively explained by Lyman- 
Alpha ionization of this constituent 
gas. In a similar fashion, the normal 
E-Layer can now be quantitatively 
explained by the ionization of molec- 
ular oxygen by soft X-rays. And, 
finally, the thickening of the D-Layer 
during a sudden ionospheric disturb- 
ance (SID) probably arises from hard 
X-rays emitted from the solar corona 
during large solar flares. This NRL 
work clearly illustrates not only the 
close solar-terrestrial ionosphere rela- 
tionship, but also the great contribu- 
tions of rocket research to our under- 
standing of fundamental processes in 
the high atmosphere. 

Perhaps a question has been raised 
in the reader’s mind on the importance 
of the ionosphere to the science of 
astronautics. There are certain obvi- 
ous answers, of course, when refer- 
ence is made to the difficulties of 
communication and navigation with 
relatively low radio frequencies. The 
possibilities of utilizing the ionosphere, 
in its broadest sense, as an aid to com- 
munication and navigation are just 
beginning to be explored. The chan- 
neling of radio energy by ionospheric 
ducts or along magnetic lines of force 
may solve the power problem for inter- 
planetary communications. 

The really big payoff from the 
ionospheric research contemplated for 
the near future should come, however, 
in the form of burgeoning knowledge 
of geophysical, solar, and cosmic proc- 
esses. 


Based on a paper presented at the ARS 
Semi-Annual meeting and _ Astronautical_ Ex- 
position held June 8-12 at the El Cortez Hotel, 
San Diego, Calif. 


"Sel-Rex Gold Plate eliminated 
galling, increased resistance 


to wear of our connectors.” 


THE PROPOSITION: Research proved that some of the 
metallurgical properties of Gold would improve per- 
' formance and reliability of new Cinch Connectors. 


THE PROBLEM: Ordinary Gold plate’s softness makes it 
susceptible to galling. And, because it is so soft and 
relatively porous, it wears readily exposing vital con- 
tact points to abrasive damage, corrosion — early 
failure. 


THE SOLUTION: After extensive investigation, Cinch 
installed Sel-Rex Bright Gold because this patented mn = 
formulation produces electroplate which is: contact 
1)... twice as hard (115 Vickers, as compared to 65) 
and has demonstrated 40% greater resistance to wear 
and abrasion. 
2)...far more dense — accelerated corrosion tests 
prove Sel-Rex Bright Gold plate gives many times 
more protection with a fraction of the Gold. 


3) ...mirror-bright in any thickness, directly from the (% 
bath—no scratch brushing or burnishing. Eliminating oy 23 contact plug 
such costly postplating operations makes net costs and socket DPX 
lower too. =.) series. 
Exclusive Sel-Rex Plating Processes retain the desirable =. 


properties of the precious metals—eliminate the problems. 


SEL-REX CORPORATION 


NUTLEY 10, NEW JERSEY 


Manufacturers of Exclusive Precious Metals Processes, Metallic Power Rectifiers, Airborne 
Power Equipment, Liquid Clarification Filters, Metal Finishing Equipment and Supplies 


Power for Space Flight 


J. C. R. Kelly Jr., manager of the Technology Dept., West- 
inghouse Research Laboratories, demonstrates thermoelec- 
tric converter being used in a study of space vehicle power 
sources. Dr. Kelly discussed thermoelectricity and showed 
several of its applications for the 40 high school students 
who competed in the annual Westinghouse Science Talent 
Search. 
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Chrysler Shows Jupiter, Redstone Production 


Left, parallel production lines for Jupiter and Redstone missiles at Michigan Ordnance Missile Plant, ope 


rated by Chrysler 


for the Army. At right, Jupiter undergoes static testing at the plant. Propellant tanks, loaded with water and subjected 


to stresses expected in actual firing, are checked for leaks and structural integrity. 


Chrysler produces Jupiter and Redstone ballistic missiles 
for the Army on parallel assembly lines at the government- 
owned Michigan Ordnance Missile Plant near Detroit. 
Within its single-level, 2.1-million-sq-ft floor space area, 


Artificial Modification 


(CONTINUED FROM PAGE 46) 


tool, sodium release from rockets has 
provided an invaluable method of 
measuring upper-atmosphere winds 
and diffusion. Since the luminous 
cloud dissipates only after many min- 
utes, its motion can be observed and 
photographed from the ground. Since 
a vertical sodium-vapor filament can 
be produced, an accurate vertical wind 
profile results, giving diffusion rates as 
well as wind-shears and turbulence. 
This tool will bear extensive future ex- 
ploitation. 

Materials other than sodium have 
been used to enhance and modify 
upper-atmosphere chemiluminescence. 
In the spring of 1956, nitric oxide gas 
was released at night from an Aerobee 
rocket at 105 km, producing a strong 
light emission of about —2 visual mag- 
nitude. From the luminous intensity 
and the time duration of the light, it 
is possible to explain the observations 
by the mechanism: 


(6) NO+O——>NO, + hy 
(7) NO. NO +0, 

(9) NO+N——->N2+0 


Since diffusion alone cannot ac- 
count for the time rate of decay of the 
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light emission, step (9) is proposed to 
account for the apparent disappear- 
ance of nitric oxide. This might be 
considered as evidence for the exist- 
ence of atomic nitrogen in the 100-km 
region. 

This evidence was supported by 
the observations made on two clouds 
of ethylene gas released at night in the 
100- and 140-km regions. A reddish 
glow at 100 km strongly suggests the 
occurrence of cyanogen bands, which 
could only have resulted from the in- 
teraction of ethylene with atomic ni- 
trogen. At 140 km, the glow was 
bluish, probably due to atomic oxy- 
gen. While both atomic species are 
probably present at each altitude, the 
color difference is explainable on the 
basis of different reaction rates for the 
ethylene-atomic oxygen and ethylene- 
atomic nitrogen processes. 

Other chemical agents may be pref- 
erable to ethylene for the detection 
of atomic nitrogen. What is required 
is a high reaction rate and a high lu- 
minous efficiency for the reaction with 
atomic nitrogen, and correspondingly 
low values of these quantities for the 
reaction with atomic oxygen. Some of 
the chlorinated hydrocarbons, such as 
methylene dichloride, seem promising 
in this regard. 

One of the most interesting, and po- 
tentially valuable, results of upper-at- 
mosphere modification experiments 


Chrysler engineers and technicians bring hundreds of thous- 
ands of parts together to form the missiles, and then test 
them under pressures, thrust, heat, vibration and other 
environmental conditions simulating actual flight. 


has been the production of ion-elec- 
tron clouds. The first of these was 
successfully produced in 1956 with 
the release of nitric oxide gas at 95 km 
during daylight. Unfiltered solar ra- 
diation in the far ultraviolet is capable 
of producing photo-ionization of at- 
mospheric gases. This, of course, can 
occur only at great altitudes, where 
the air density is too low for ultra- 
violet absorption to take place. 

Solar ultraviolet is rich in the hydro- 
gen Lyman-alpha line (1215.6 A). 
This particular wavelength penetrates 
quite deeply into the atmosphere 
(down to about 85 km) because oxy- 
gen nitrogen absorb it very 
weakly. Nitric oxide, however, has a 
very high photo-ionization cross-sec- 
tion for Lyman-alpha, and it was pos- 
sible to calculate theoretically that a 
cloud of this material at 95 km would 
be photo-ionized, leading to an elec- 
tron density of 10° per cc. Radar ob- 
servations on the ground confirmed 
this prediction. In this case, the cloud 
persisted for 10 min with a density 
about 100 times greater than the am- 
bient ionosphere. 

Consideration of the results of this 
experiment immediately gave rise to 
the possibility of over-the-horizon 
propagation of electromagnetic radia- 
tion having higher than critical iono- 
sphere frequency. The problem can 
be broken down quite simply. The 
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highest electron densities normally ob- 
served in the ionosphere are approxi- 
mately 10® electrons per cc in the F- 
layer, 105/cc in the E-layer, and 
10*/cc in the D-layer. Clouds having 
greater electron densities should be 
capable of reflecting or scattering fre- 
quencies normally only propagated 
over line-of-sight distances. To pro- 
duce such clouds, contaminating ma- 
terials should possess a high photo- 
ionization cross-section, low ionization 
potential (so that they can absorb a 
large amount of solar radiation), and 
a low ion-electron recombination co- 
efficient. 

Up to the present, the alkali metals 
seem to be the most suitable. Of 
course, the ambient atmospheric gases 
play a vital role in the persistence of 
electron clouds. Assuming that one 
can choose a_ perfect contaminant, 
whose properties allow good ionization 
and slow recombination, the relatively 
high pressures of molecular oxygen, 
found below about 80 km, limit the 
persistence of electron clouds because 
of electron affinity for O.- ions. At 
much higher altitudes, low atmos- 
pheric pressure allows very rapid dif- 
fusion. It appears that the optimum 
altitude region is between 90 and 175 
km. 


Electron Cloud Experiments 


During 1957 and 1958, numerous 
electron cloud experiments were per- 
formed by F. F. Marmo and collabo- 
rators using potassium, cesium, and 
sodium. Of these materials, cesium 
appears best. Electron clouds having 
densities approaching 108/cc have 
been produced. Forward propaga- 
tion of higher than critical frequencies 
has been achieved. Techniques have 
been evolved which produce ioniza- 
tion thermally, thus making night 
operation feasible. Taking all aspects 
into account, artificial electron clouds 
will undoubtedly bear fruit in many 
practical applications. 

At this point, it is useful to discuss 
some of the data still required in the 
evolution of the artificial modification 
field. Probably the most important 
work must be done in the laboratory. 
In interpreting field experiments, time 
after time one encounters difficulty be- 
cause the rate of a certain reaction is 
unknown, or the chemiluminescent ef- 
ficiency has not been measured, or a 
given absorption or photo-ionization 
cross-section is lacking. In the case 
of ion-electron recombination coeffi- 
cients, almost no data are available. 
Indeed, some coefficients are not 
known within a factor of 10°. Even 
the mechanism of the reaction between 
nitric oxide and atomic oxygen is un- 
clear. let alone its chemiluminescent 


Little work has been done 


efficiency. 
on the rate of electron attachment to 
the oxygen molecule, a parameter of 


great importance. While some of the 
above quantities can be estimated from 
the rocket observations, laboratory ex- 
periments will be necessary for con- 
firmation. 

The use of organic gases such as 
chlorinated hydrocarbons will be enor- 
mously valuable in studying the com- 
position of the upper atmosphere, par- 
ticularly with respect to atomic oxygen 
and atomic nitrogen. Nevertheless, 
before these methods can be really 
complete, reaction rate constants and 
chemiluminescent efficiencies, as well 
as mechanisms, must be determined 
by laboratory work. 

Against this background, we may 
speculate on the ultimate results to be 
sought from an exhaustive research 
program on atmospheric modification. 
Results from such a program are not 
necessarily limited to our own atmos- 
phere. For example, charges of so- 
dium vapor weighing only a few 
pounds can be visible, or at least 
photographable, from the ground at 
lunar or greater distances. The recent 
U.S.S.R. lunar vehicle provides strik- 
ing proof of this. It should be pos- 
sible to place a detectable sodium 
cloud on or near the moon. Future 
advances in rocket technology may 
make it possible to produce a tempo- 
rary or even permanent change in the 
electron density of the earth’s iono- 
sphere, such that variations due to so- 
lar influence will be minimized. Of 
course, the most obviously attainable 
result will be a complete elucidation 
of the structure of the earth’s upper 
atmosphere. 


Suggested Additional Reading 
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ENGINEERS 
& SCIENTISTS 


Research Opportunities 


Aeronutronic Systems, 
Inc., a dynamic new 
name in science and re- 
search, has immediate 
need for qualified people 
to staff senior positions 
at its new Research 
Center in Newport 
Beach, Southern Cali- 
fornia. 


The Space Technology 
Division of this rapidly 
expanding Ford Motor 
Company _ subsidiary 
has career openings in 
the following fields of 
interest: 


VEHICLE TECHNOLOGY 


Aerodynamic design 
and testing 
Rocket engine 
development 
Rocket nozzle and re- 
entry materials 
High temperature 
chemical kinetics 
Combustion and 
detonation theory 
Combustion 
thermodynamics 
High temperature 
structural plastics 
& ceramics 
Advanced structures 
Rocket vehicle systems 


MISSILE DEFENSE 

Supersonic 
aerodynamics 

Aerothermodynamics 

High temperature heat 
transfer 

Space physics 

Re-entry programs 


ASTRO SCIENCES 

Space electronics 

Guidance & control 

Communications 

Instrumentation 

Experimental physics 

Plasma and magneto- 
hydrodynamics 
studies 


Visit Aeronutronic’s ex- 
hibit booth 3822-24 at 
the WESCON show. 

Qualified applicants are invited to 
send resumes and inquiries to 


Mr. R. W. Speich, Aeronutronic 
Systems, Inc. 


AERONUTRONIC 


a subsidiary of 

FORD MOTOR COMPANY 
Bldg. 20—Box 451 

ORiole 3-2520 


—— Beach e Santa Ana 
Maywood, California 


Newport Beach, Calif. 
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Antennas 


(CONTINUED FROM PAGE 45 ) 


of velocity. 

With the Doppler shift, a 1000-mc 
radio signal transmitted from a space 
vehicle receding from the earth with 
a velocity one-third the velocity of 
light would be received on the earth 
with a frequency of the 700 me; and 
from an approaching vehicle it would 
be received with a frequency of 1400 
me. This is a bandwidth of 2 to 1 
for the same transmitting frequency! 

In the last few years, a certain 
amount of research has been done to 
obtain wide-band, omnipolarization 
antennas. In the microwave band, 
interesting results have been obtained 
with a cross-shaped ridge in a square 
waveguide, or with a conical ridge in 
a circular waveguide, as shown on 
page 45. With these devices, a band- 
width of 3 to 1-3 to 9 kme, for ex- 
ample, can be obtained. This is an 
encouraging development, and it can 
be improved. 

A new theory, called the angular 
concept, could lead us to the design 
of a very wide-band antenna. If an 
antenna is designed in such a way that 
its dimensions are defined only by 
angles, its performance is independent 
of frequency. Cones, defined by one 
angle, and_ spirals, defined by two 
angles, are good examples of this con- 
cept. In theory, it should be possible 


to design a perfect wide-band antenna 
by projection of an infinite spiral on 
the surface of an infinite cone. But 
even in the expanse of space we must 
compromise for practical purposes and 
use at least one linear dimension. 

In space, the shape easiest to build 
is the sphere. The sphere has one 
linear dimension, its circumference, 
and can be used with the angular 
concept. 

Let us take a plane equiangular 
spiral and project it onto the surface 
of a sphere. We obtain a spherical 
equiangular spiral. This form satis- 
fies the angular concept approximately 
when the circumference of the sphere 
is larger than the maximum wave- 
length to be used. 

The spiral is defined by its radius, 
p, Which is the function of two angles 
—the pitch angle a@, and the polar 
angle according to the  relation- 
ship: p = «*?. The edges of a spiral 
conductor are identical curves, with 
one rotated through some fixed angle 
(y) that represents the width of the 
conductor. It can readily be shown 
that a balanced (double) spiral con- 
ductor is perfectly defined by the three 
angles a, and y. 

Now, a balanced spiral conductor 
projected on the surface of a sphere— 
specifically, metal-printed on a plastic 
balloon—could serve either as a dipole 
antenna, by means of the two metallic 
arms of the spiral, or as a slot antenna, 


Science, Engineering Degrees Up Sharply in 1957-58 


The number of degrees awarded in the physical sciences, mathematics. and 
engineering rose sharply in the 1957-58 school year over the previous year, 
according to a report in the March 31 issue of the Engineering and Scientific 


Manpower Newsletter. 


Bachelor degrees in engineering rose from 31,211 in 1956-57 to 35,332 last 
year, while bachelor degrees in the physical sciences were up to 14,352 from 


12, 934 the previous year. 


A comparison of the 1956-57 and 1957-58 figures follows: 


1956-57 (1957-58 
Physical Sciences 12,934 14,352 
Mathematics 5,546 6,924 
Engineering 34,211 35,332 


1956-57 1957-58 1956-57 1957-58 
2,704 3,034 1,674 1,655 
965 1,234 249 247 
5,233 5,788 596 647 


Distribution of degrees in the physical sciences in 1957-58 was as follows: 


Bachelor 

Astronomy 25. 
Chemistry 7,010 
Meteorology 153 
Physics 3,186 
Earth Sciences 2,891 
Unclassified 1,087 

Totals 14,352 
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Master Doctor 
20 22 
1,425 939 
7\ 14 
795 464 
753 167 
270 49 
3,034 1,655 


by means of the gap between the arms 
of the spiral. The drawings on page 
45 show these two antenna forms, 

Which mode of the antenna might 
it be advisable to use? According to 
Babinet’s principle, dipole and_ slot 
antennas are inverse, complementary 
structures with the impedance of the 
slot proportional to the admittance of 
the dipole, and vice versa. But, be- 
cause in spiral form these antennas are 
curvilinear and longer than one-half 
wavelength, the uipole impedance jis 
larger than for a nominal rectilinear 
half-wave form and has an inductive 
component, and the slot impedance is 
smaller and has a capacitive compo- 
nent. 

There is a theoretical point, how- 
ever, where both complex impedances 
have the same absolute value—at ap- 
proximately 188 ohms. Experiment 
confirms this point approximately for 
a long spiral antenna. 


Antenna Used As Slot 


In practice, it seems preferable to 
use the antenna as a slot, which can 
be fed with a coaxial cable flush with 
one of the spiral conductors and does 
not require the use of a balun. More- 
over, in that case, the coaxial cable 
does not interfere with the external 
radiation field of the antenna. 

With respect to radiation field, the 
spherical spiral antenna has this in- 
teresting property. If the turns of 
the spiral are close enough, there are 
several turns for which the circum- 
ference remains very nearly equal to 
the wavelength. In this region, the 
currents in adjacent conductors are 
nearly in phase, which reduces the 
field between the conductors and in- 
creases the external radiation field, 
thus creating a radiation belt around 
the sphere. 

A change in frequency merely 
causes the radiation belt to move back 
and forth on the surface of the sphere 
into a zone where the average circum- 
ference corresponds to the wave- 
length. As long as the wavelength 
stays within the limits of the sphere 
circumference, we can say that the 
performance of the antenna, defined 
only by angles, is independent of fre- 
quency. 

As for the polarization, we know 
that in a circular structure, a helix for 
example, polarization is circular when 
the wavelength is approximately equal 
to the circumference. When the fre- 
quency is lower, and the wavelength 
larger than the circumference, polati- 
zation becomes elliptical and then 
linear. 

Experiments made on plane spiral 
antennas have confirmed this fact; 
and we can expect the spherical spiral 
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antenna to receive radio signals with 
nearly all polarizations and within a 
very wide frequency band. 

The radiation pattern should be 
similar to that for a helix radiating in 
the axial mode—a single broad beam 
in the direction of the spiral axis—and 
the beamwidth should remain con- 
stant over a wide band of frequency. 

Space antennas will have to be small 
while passing through the earth’s at- 
mosphere and large when in space. 
This leads us to the idea of a balloon. 
If we are to use a balloon, the spiral is 
probably the best antenna defined only 
by angles that can be built on_ its 
surface. 

As far as we know, no research has 
been done yet in this very promising 
field. But it should be worthwhile to 
investigate in practice the efficiency 
of the spherical spiral antenna. 

What is, at the present time, the 
maximum range of space communica- 
tions? 

With immediately available elec- 
tronics, we need 10 watts to send a 
radio signal to the moon, 100 watts 
for Venus, and 300 watts for Mars. 
We can certainly reach Jupiter 400 
million miles away and_ probably 
Saturn 800 million miles away. But if 
we want to receive a television pic- 
ture from the moon, we need 300 k 
and this is quite a problem. 

What is more, man can only reach 
the limits of our solar system with a 
space vehicle whose velocity ap- 
proaches the velocity of light. Trav- 
eling near the velocity of light, he will 
have to face a new kind of problem. 
Relativity will cause the time, fre- 
quency and energy to change between 
transmitter and receiver. Photon en- 
ergy, depending on frequency, will be 
different. Distortion in coordinates 
will concentrate the energy in the for- 
ward direction and create an aberra- 
tion in the apparent location of the 
vehicle. 

All these factors will affect the de- 
sign of antennas for use in space. 
They will spur work on such new and 
radical concepts as the periodic an- 
tenna or the column of ionized gases 
following the vehicle. Ionization can 
be produced both by rocket exhaust 
during powered flight and by collision 
of the spacecraft with gas molecules 
at other times. That is, we know that 
interplanetary space is not a perfect 
vacuum and that vehicle velocity can 
compensate for the scarcity of the 
molecules. Such an antenna could 
probably be excited by a probe or 
loop. 

It is difficult to imagine what will 
be the space antennas of the future, 
but we can already be sure that they 
will play an important part in space 
communications. 


Navy Shows Off Operational High-Altitude Pressure Suit 


Hinting that with some alteration 
this could be the spacesuit for the 
Mercury astronaut, the Navy demon- 
strated recently a Mark IV high-alti- 
tude full-pressure suit, developed by 
B. F. Goodrich Co., in which a pilot’s 
in-suit environment never exceeds 
35,000 ft altitude. 

At its Naval Air Crew Equipment 
Laboratory, Philadelphia, the Navy 
showed how the Mark IV was able to 
withstand 19 g, —60 F ambient 
temperature, and —27 F water tem- 
perature. Human experimenters using 
the Mark IV have endured such tem- 
peratures for more than 7 hr. The suit 
will also endure ambient temperatures 
as high as 158 F. During explosive- 
decompression simulation, a Navy 
technician shot from 27,000 ft to 60,- 
000 ft in 60 millisec, and then up to 
100,000 ft altitude, exhibited no more 
discomfort than nervous tension. His 
suit pressure never exceeded 3.4 psi, 
which, the Navy claims, can be main- 
tained even in vacuum. 

Currently, the Mark IV is being 
used by Navy squadrons flying F8U 
Crusaders and in test flights of F4H 
and A3J aircraft. Outstanding is its 
survival feature in the event of emer- 
gency ejection. For example, should 
a pilot eject at the blood-boiling alti- 
tude of 65,000 ft or higher, a bailout 


RMI Catapult System 
For Navy Ups Capacity 50% 


An aircraft carrier catapult system 
designed and built by Thiokol’s Reac- 
tion Motors Div. for the Navy in- 
creases plane launching capacity by 50 
per cent—launching heavier planes and 
launching them faster. This is 
achieved with an independent—of 
ship’s boiler system—powerplant. 

Because it accelerates the aircraft 
at a constant peak pressure during the 
entire launching operation, the pilot 
doesn’t feel the big kick inherent in 
current steam catapults. Heart of the 
powerplant is the servo control, which 
positions the air, JP-5 fuel, and water 
control valves to maintain constant 
cylinder pressure throughout the 
launching stroke. 


Firetrac Measures Near Misses 


Aerojet-General has developed a 
missile tracking system, for Navy 
BuAer, which accurately measures rel- 
ative trajectory, velocity, and miss-dis- 
tance of a missile with respect to a 
target drone at which it is fired. 
Tagged Firetrac, it will help in the de- 
sign of better missile systems and more 
accurate guidance fuzing subsystems. 


Navy technician in Mark IV suit 
readies himself for 19-g ride. 


oxygen supply integrated into the gear 
would pressurize the suit and also sup- 
ply breathing oxygen for 30 min. The 
suit weighs only 20 Ib and costs about 
$3000. 

An auxiliary piece of equipment is 
a compact ventilating and breathing 
package weighing about 18 Ib that fits 
to the Mark IV. Good for 1 hr opera- 
tion, it was developed by The Firewel 
Co. which believes that the unit may 
be used during construction of 
manned space stations. 


French Antitank Missile 
Slated for 7th Army 


The French SS-11 wire-guided anti- 
tank missile, shown here on Republic 
Aviation’s Alouette II jet helicopter, 
will equip the U.S. 7th Army in Ger- 


many. Powered by a light boost- 
thrust solid-propellant motor, the mis- 
sile can be launched and guided from 
the ground by a foot soldier, as well 
as from a moving platform. 

121 


July 1959 / Astronautics 


arms 
ight 
slot / ‘ 
tary j C2 
> of | : 
ear fy | 
tive 4s : 
is | 
po- 
ces | | 
ap- | 
ent 
an 
ith 
eS 
dle 
a] 
1e 
n- 
of 
re 
to 
re 
- 
1, 
d 


X-Ray Film Processor: Radiographs 
can be processed automatically with 
the X-omat processor, which delivers 
a dry film in 13 min. The equipment 
handles all listed sheet sizes of Kodak 
X-ray film, types AA and M, most 
widely used in quality control, and ac- 
cepts continuous lengths of roll film 
17 in. wide. Eastman Kodak Co., 
Rochester 4, N.Y. 


Decimal Scaler: Designed for general 
radiation counting, Model SC-700 
especially suits accelerator counting 
room service. The instrument features 
seven decades of decimal count stor- 
age, stable feedback input amplifier 


Rescue Helicopter Carries 
Fire Extinguisher Pod 


Aimed primarily at recovering crash 
victims, with emphasis placed on 
speed and mobility over any terrain, a 
new USAF crash-rescue system uses a 
Kaman helicopter to carry Janitrol ex- 
tinguisher pod on its cargo hook. At 
the alert, the helicopter and crew 
snatch the pod from its trailer and fly 
to the crash site. The 1000-Ib pod in- 
cludes 850 gal of pressurized foam, 
hose and lightweight nozzle, axes, 
bars, sheet-metal cutters, and other 
tools. Operational radius is 75 miles. 
Detachment of the pod is automatic 
on touchdown, or by the pilot during 
flight. It can also be released by 
crewmen outside. Janitrol Aircraft 


Div., Surface Combustion Corp., 4200 
Surface Rd., Columbus 4, Ohio. 


Janitrol Aircraft CO,-Foam Pod 
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with 25-mv sensitivity, precision in- 
tegral discriminator, and built-in line 
frequency test circuit. Weight, 16 lb. 
Eldorado Electronics, Berkeley, Calif. 


Tape Speed Check: Tapestrobe de- 
termines speed of magnetic tape by a 
wheel bearing stroboscopic markings, 
mounted on a frame, and_ placed 
against the moving tape. An ordinary 
60-c light source furnishes the basic 
timing. When the wheel pattern 
seems to stand still, the tape is on 
speed. Scott Instrument Laboratories, 
Inc., 17 E. 48 St., New York 17, N.Y. 


Thrust Control: This closed-loop de- 
vice meters hydrogen peroxide to 
rocket engines used as auxiliary power- 
plants on manned aircraft or missiles. 
The complete system weighing 7.3 lb 
includes a magnetic amplifier, pressure 
transducer, and metering valve. Ben- 
dix Aviation Corp., Bendix Products 
Div., South Bend, Ind. 


Liquid Level Switch: A miniature 
glass-aluminum sensing element for 
use with low boiling point fluids has 
been developed. The sensor is used 
with an external miniaturized control 
unit. Together they form an ultra- 
sonic liquid-level switch for cryogenic 
liquids. No current is applied to the 
element, and it is therefore spark- 
proof. Typical unit weighs 7 oz. 
Acoustica Associates, Inc., 26 Windsor 
Ave., Mineola, N.Y. 


Commutator-Gating Units:: Electro- 
mechanical CAG Series high level 
commutator gating units accommodate 
inputs ranging from 0 to 5 v full-scale, 
as produced by various standard sig- 
nal sources, such as potentiometers, 
cathode followers, and voltage refer- 
ences. A single subminiature, rug- 
gedized vacuum tube is used to 
achieve the high impedance. General 
Devices, Inc., P.O. Box 253, Prince- 
ton, N.J. 


Hydraulic Motorpumps: Available in 
a series, the pumps circulate coolant 
oil at low pressure around the high 
output tubes of missile electronic gear. 
Other applications are missile skin 
cooling, electronic chassis cooling, 
fuel and lubricant pumps, radar and 
computer drives, and remote power 
supply. Dry weight, 5.3 lb. Vickers, 
Inc., Detroit 32, Mich. 


Linear Power Actuator: The actu- 
ator, which employs an electromag- 
netic clutch-brake, adapts to both mis- 
sile and industrial applications. Spe- 
cifications are: Normal load, 7500 Ib; 


New equipment and processes 4 


travel rate, 0.140 ips; stroke, 2.5 in; 
max. operating load, 15,500 Ib; proof 
load, 28,000 Ib. Weight, 18 Jb. 
Hoover Electric Co., 2100 S. Stoner 
Ave., Los Angeles 25, Calif. 


Shutoff Valve: Designed to operate 
at —35 to 160 F with a response time 
of 0.5 to 1.5 sec., a remotely con- 
trolled propellant shutoff valve weighs 
161/, lb. It will pass a flow of stand- 
ard liquid fuels at the rate of 2000 
gpm with a pressure drop of 0.3] 
psig. The gate valve can be controlled 
electrically or mechanically, and is 
adaptable to pneumatic or hydraulic 
actuation. Clary Dynamics, 408 
Junipero St., San Gabriel, Calif. 


Axial Blower:: Fitting in a 3-in- 
square envelope and weighing only 
14 oz, the blower delivers up to 169 
cfm, operating on 115 v or 200 v acc. 
Housing and propeller are cast alu- 
minum. Power input at peak air 
volume is 120 w. Globe Industries, 
Inc., 1784 Stanley Ave., Dayton 4, 
Ohio. 


TV Camera Lenses: For use with 
industrial television cameras, “non- 
browning” lenses will withstand 10° r 
of gamma radiation (cobalt 60) at the 
rate of 240 r/min with less than 5 per 
cent browning for the wavelength 
region 4500 to 7000 A. Loss is great- 
est at the shortest wavelength. Wol- 
lensak Optical Co., Rochester 21, N.Y. 


Coaxial Propellant Valve: A small 
coaxial dithering valve meters hydro- 
gen peroxide, UDMH, anhydrous hy- 
drazine, and other liquid propellants. 
Solenoid operated, the valve is com- 
pact, low in weight, and draws little 
power. Customed designed for spe- 
cific applications. Eckel Valve Co., 
1424 Ist St., San Fernando, Calif. 


ECKEL VALY 
SAN FERNAN 


PATENTS PLNON 


lo 
ci 
Sd 
uff 
= 
A 
: = 
=3 | 


Waveguide Window 


One of the largest waveguide windows ever produced, a 
new I-T-E window achieves high power handling capabili- 
ties through use of a crosslinked polystyrene as the me- 
chanical barrier. The window is fitted into a milled groove 
in the waveguide flange and bolted to the flange through 


a retaining sheet and base flange. 


I-T-E Circuit Breaker 


Co., 1900 Hamilton St., Philadelphia 30, Pa. 


Beacon Transmitter: This miniature, 
low power combination subcarrier os- 
cillator and transmitter, for use in 
satellite or space vehicle tracking sys- 


tems, is identical to the transmitter 
used in the Atlas “talking satellite” 
(Project Score). It is 3.25 in. in diam, 
has a total power consumption of 250 
mw from a 20-v supply, and weighs 12 
oz. (Not available in production quan- 
tities.) Applied Science Corp. of 
_* P.O. Box 44, Princeton, 
NJ. 


Horizontal Situation Indicator: A new 
HSI, used by the Air Force on in- 
tegrated instrument panels, represents 
a plan view of the aircraft with re- 
spect to the entire navigation system. 
It provides a flight director steering 
and navigation situation on two 5-in. 
instruments bracketed by two vertical 


scale indicators. The instrument can 
be tied in with various flight director 
and automatic pilot systems. Collins 
Radio Co., Cedar Rapids, Iowa. 


Missile Gyros: A spiral “clock” spring 
spins the rotor of this roll-reference 
gyro for missiles and drones. The 
frame-mounted spring brings the rotor 
to operational velocity in less than 10 
millisec; the spring then disengages 
and permits the gyro to function as 
an inertial reference. Whittaker Gyro 
Div., Telecomputing Corp., 16217 
Lindbergh St., Van Nuys, Calif. 


Work Platform for Spheres: Especially 
designed for working inside spheres, 
a scaffold of all-welded steel construc- 
tion has a revolving ring attached to 
a snatch block. Longitudinal sections 
of the work platform telescope as they 
approach the top or bottom. The as- 
sembly can be rotated to reach all 
parts of the sphere. Atlas Industrial 


Corp., 849 39th St., Brooklyn, N.Y. 


Humidity Indicator: Relative humid- 
ity can be indicated electronically 
from as far as 100 ft away by the 
portable Electro-Hygrometer. Hu- 
midity range, 30 to 95 per cent, 
within a temperature range of 32- 
180 F, with an accuracy of +5 per 
cent. The device can be used to de- 
termine humidity inside difficult to 
reach places. Labline, Inc., 3070 W. 
Grand Ave., Chicago 22, Ill. 


Pneumatic Gauge Tester: For use as 
a primary standard in gauging and 
calibrating all instruments measuring 
pressure, a new instrument features a 
range of pressures from 0.20 to 500 
psi. Power requirements, 105 to 124 
v, 60 cps, 3 w. Self-contained pres- 
sure source plus provision for external 
source; built-in pressure bleed valve. 
Dynametrics Corp., Northwest Indus- 
trial Park, Burlington, Mass. 


Gas Regulators: Designed not to need 
gauges, new rugged industrial gas 
regulators handle oxygen, acetylene or 
prepane on cylinders or manifolds. 
Delivery pressures are calibrated on 
a plate on the cap of the regulator. 
Pressure is shown by an_ indicator 
running in the slot alongside of the 
calibrated reading. Linde Co., Div. 
of Union Carbide Corp., 420 Lexing- 
ton Ave., New York, N.Y. 


Voltage Regulator Tubes: A new line 
of ruggedized subminiature metal- 
ceramic corona discharge voltage regu- 


lator tubes covers a range of 400-4000 
v. The tubes operate over a tempera- 
ture range of —55 to 200 C. Dimen- 
sions: Length, 0.65 in. (excluding 
tabulation and anode pin); OD, 0.3 
in. Radiation Research Corp., 1114 
First Ave., New York 21, N.Y. 


Decade Dividers: A new line of 
solid-state decade dividers provides ac- 
curate frequency dividing or timing 
pulses with the minimum of compo- 
nents, size, and power consumption. 
The devices are available in three 
forms: Type DC-190, individual 10 
ke decades; type DC-191, individual 
100 ke decades; and type DC-195, 
complete 5-decade time base unit with 
100 ke crystal source. Burroughs 
Corp., Electronic Tube Div., Box 
1226, Plainfield, N.J. 
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Expanding the Frontiers 
of Space Technology in 


THERMO- 
DYNAMICS 


Lockheed’s capabilities in gas 
dynamics and thermodynamics 
are unsurpassed in private indus- 
try. Basic work is being per- 
formed in boundary layer flow 
and heat transfer; cooling and 
insulation; thermodynamic flight 
test; instrumentation; rocket 
motor controls and nozzle struc- 
tures; reentry and materials; thin 
film thermometry; and measure- 
ments of dissociation and re- 
combination reactions. 

Fundamental studies include 
hypersonic aerodynamics; envi- 
ronmental effects on satellite 
surfaces; magnetohydrody- 
namics; ultra-violet and infrared 
radiation from high temperature 
air flows; structure of hypersonic 
shock waves; new measurement 
methods; analysis of boundary 
layers near melting surfaces and 
study of lag or nonequilibrium 
in high speed flow through shock 
waves. 

Latest equipment includes an 
electrically-driven wind tunnel 
fastest in industry—which pro- 
duces air flows to Mach 20-plus 
and stagnant temperatures 
approaching 16,000°F, with an 
instantaneous power output of 
20 million kilowatts. A  spark- 
heated, magnetically driven 
research shock tube produces 
velocities of over Mach 250 and 
temperatures of 500,000°F. A 
specially designed electric gun 
has accelerated projectiles to 
speeds approaching 20,000 
ft/sec. 


ENGINEERS AND 
SCIENTISTS 


Lockheed Missiles and Space 
Division programs reach far into 
the future and deal with un- 
known environments. If you hold 
a degree and are experienced in 
thermodynamics or have back- 
ground in related work, we invite 
your inquiry. Write: Research 
and Development Staff, Dept. 
G-14, 962 W. El Camino Real, 
Sunnyvale, California. U.S. citi- 
zenship required. 


Lockheed 


MISSILES AND. SPACE 
DIVISION 


Weapons Systems Manager for the 
Navy POLARIS FBM; 
DISCOVERER SATELLITE; 
Army KINGFISHER; 

Air Force Q-5 and X-7 


SUNNYVALE, PALO ALTO, VAN NUYS, 
SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA 
ALAMOGORDO, NEW MEXICO ® HAWAII 
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Wind tunnel tests 
made with low cost scale 
Models 


Urethane Foam: 
can be 
models of molded urethane. 
made too light initially can be easily 


weighted where needed. The foam 
can be made flexible or rigid, light 
or heavy, by varying formulations. 
Allied Chemical Corp., 61 Broadway, 
New York 6, N.Y. 


Miniature Clutches: One-way pre- 
cision roller clutches, that allow drive 
in one direction and provide free- 
wheeling action in the opposite direc- 
tion, are available in four sizes cus- 
tom designed to user’s housing. Stock 
roller assembly sizes range from 0.1875 
in bore and 0.625 in o.d., through 
0.625 in bore and 1.625 o.d.  Right- 
or left-hand drives are offered. The 
Miniclutch Co., 373 Morse St., Ham- 
den, Conn. 


Two-Way Valve: Gives independ- 
ently controlled flow in either or both 
directions; adapts to hydraulic or 
pneumatic applications with pressures 
up to 5000 psi. Available in standard 
sizes from 1/, to 3/4 in., and in brass, 
steel, aluminum, stainless, and special 
alloys. Adjustments may be made 
with a screwdriver. True-Flo Valve 
Co., 79 Bow St., Everett 40, Mass. 


Welding of Molybdenum: A _tech- 
nique which makes it possible to satis- 
factorily spot-weld molybdenum sheets 
produces a weld by fusing only the 
molybdenum in the immediate vicin- 
itv where the lapped sheets contact. 
Less than half the original sheet thick- 
ness is affected by the weld. A tech- 
nique to produce a fusion weld with 
good ductility without acid etching 
has also been developed. T. R. Finn 
and Co., Inc., Hawthorne, N.J. 


Cable Guillotine: Powered by a 


standard explosive shell, the guillotine 
sends a ceramic knife through a cable 
The 


bundle and onto a ceramic anvil. 


ceramic components prevent shorting 
in the cable bundle during the cut. 
Beckman & Whitley, Inc., 985 E. San 
Carlos Ave., San Carlos, Calif. 


PRODUCT LITERATURE 


Electronic cooling packages. Pesco Products 
Div., Borg-Warner Corp., 247000 N. Miles 
Rd., Bedford, Ohio. 


Mincom model c-100 instrumentation. Min- 
com Div., Minnesota Mining & Mfg. Co., 
2049 S. Barrington Ave., Los Angeles 25, 
Calif. 

Consolidated’s computing galvanometer, 
Consolidated Electrodynamics Corp., Trans- 
ducer Div., 300 N. Sierra Madre Villa, Pasa- 
dena, Calif. 


Ruggedized displacement gyro. Lear, Grand 
Rapids Div., 110 Ionia Ave., N.W., Grand 
Rapids 2, Mich. 


Electronic tachometer. Airpax Electronics, 
Seminole Div., Fort Lauderdale, Fla. 


Automatic indexing X-ray spectrograph. 
Philips Electronics, Inc., Instruments Div., 
750 S. Fulton Ave., Mt. Vernon, N.Y. 


Triple point of water cell. Trans-Sonics, 
Inc., P.O. Box 328, Lexington 73, Mass. 


Sweep generators. 
Beech Grove, Ind. 


Temperature measurement system and com- 
ponents. Cardinal Instrumentation, 4201 
Redwood Ave., Los Angeles 66, Calif. 


Absolute pressure’ transducer. 
Laboratories, Inc., Riverside, Calif. 


Telonic Industries, Inc., 


Bourns 


Linear comparator. Gaertner Scientific 
Corp., 1201 Wrightwood Ave., Chicago 14, 
Ill. 


Hot-wire anemometer. Shapiro & Edwards 
Electronic Instrumentation, 1130 Mission 
St., S. Pasadena, Calif. 


Spec-power. National Spectrographic 
Laboratories, Inc., 6300 Euclid Ave., Cleve- 
land 3, Ohio. 


Camera selector. Traid Corp., 17136 Ven- 
tura Blvd., Encino, Calif. 


Magnetic tape recorder. Data Tape Div., 
Consolidated Electrodynamics, 300 N. Sierra 
Madre Villa, Pasadena, Calif. 


Rotating components. Beckman/Helipot, 
Helipot Div. of Beckman Instruments, Inc., 
Fullerton, Calif. 


Digital instrumentation. Computer Meas- 
urements Co., Div. of Pacific Industries, Inc., 
5528 Vineland Ave., N. Hollywood, Calit. 


New concepts in recording. Brush Instru- 
ments, Div. of Clevite Corp., 37th and 
Perkins, Cleveland 14, Ohio. 


Wiancko fm systems. Wiancko Engineer- 
ing Co., 255 N. Halstead, Pasadena, Calif. 


Precision wirewound potentiometers. 
Maurey Instrument Corp., 7924 S. Exchange 
Ave., Chicago 17, Il. 


Mercury switches. Micro Switch, A Div. of 
Minneapolis-Honeywell Regulator Co., Free- 
port, Ill. 


Pressure transducers. Bourns Laboratories, 


Inc., Riverside, Calif. 

Selenium rectifiers. Rectico, Inc., 963 
Frelinghuysen Ave., Newark 12, N.J. 

Servo motors, motor generators, synchros. 
Kearfoot Co., Inc., Little Falls, N.J. 


Battery-operated spring-motor tape re- 
corders. Amplifier Corp. of America, 398 
Broadway, New York 13, N.Y. 
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Ancient Chinese used both the balloon and the rocket. 
These means of travel still represent the only stairways 
toward space flight. It seems amazing but, basically. 
we still haven't come up with something radically new! 
Until we do, let us use both stairways to space for 
greater effectiveness. 


There are nearly 200 practical reasons why balloon 
flights are desirable today. The balloon complements 
the rocket. Among other reasons it offers: 


1. Extended flight time free from vibrations, oscilla- 
tions and noise of any kind. It will simulate orbital or 
space flight. 

2. Low cost. A manned space-equivalent balloon 
flight costs less than 10% of the price of a modern 
fighter plane. 


WINZEN 


MANHIGH III piloted by Lt. 
Col. David G. Simons, USAF- 
(MC) holds the world record 
altitude for manned flight: 
101,500 feet. The East Ger- 
man Government selected this 
published photograph to com- 
memorate IGY on this postage 
stamp. As in four other 
notably successful manned high 
altitude research flights— 
Winzen Research Inc. was the 
contractor for the entire bal- 
loon/capsule system and flight 
operations. 


3. Great flexibility. The balloon platform offers a 
stable test bed for rocket components or complete cap- 
sules, a Skyhook for re-entry experiments, a medical 
laboratory for the study of human factors. 


Whether you are interested in space medicine or 
space engineering—the balloon offers you stable, labora- 
tory-type control under the only real environmental con- 
ditions—the space equivalent milieu near 100,000 feet. 


During five flights, Winzen Research has been at 
space equivalent levels longer than all the other manned 
space probes of all nations added together. Perhaps 
this is why our activities are internationally recognized 
through the medium of a postage stamp. 


How can we help you solve your space problems? 


RESEARCH INC. 


‘Space Research For A Decade”’ 


Minneapolis 20, Minnesota 


TUxedo 1-587 1 


We welcome confidential employment inquiries from qualified & dedicated scientists 
and engineers 
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COMPUTATION FOR THE SPACE AGE 


PEDITIONS INTO SPACE FOLLOW TRAILS BLAZED BY COMPUTATION SPECIALISTS, IN THIS HIGHL 


PHISTICATED TECHNOLOGY, BURROUGHS CORPORATION’S DEMONSTRATED COMPETENCE RANGES FROM 
SIC RESEARCH THROUGH PRODUCTION TO FIELD SERVICE AS PROVED BY PROJECTS SUCH AS THE AIR 
RCE ATLAS. BURROUGHS CORPORATION IS EQUIPPED BY ABILITY AND ATTITUDE TO FUNCTION AS A 
fa MEMBER—A CLEARCUT RECOGNITION THAT EVEN IN THE REACHES OF OUTER SPACE, THE SHORTES 


STANCE BETWEEN TWO POINTS IS SINGLENESS OF PURPOSE APPLIED TO MUTUAL OBJECTIVES, 


Burroughs 


Burroughs Corporation 
“NEW DIMENSIONS / in computation for military systems” 


| 
| 


THE UG.AF. STRATEGIC MIR COMMAND ~ UNDERWRITERS OF 


Convair’s B-36 and the USAF Strategic Air Command combined to deter aggression and to pre- 
vent global conflict during the decade 1948-1958—the most critical period in all of history. 

As the ultimate development of piston-engine aircraft, the B-36 became an unequalled in- 
strument of our national policy to maintain world peace. The B-36 proved to America and to the 
world that airpower is peace power! 

And now, to continue peace through airpower, Convair, a Division of General Dynamics, has 
designed and is producing the B-58 Supersonic Bomber and the Atlas ICBM—both assigned to the 
dedicated airmen of the Strategic Air Command who have established that Peace is Their Profession. 
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